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PREFACE 


That a book should make inhibition and choice, rather than response 
and learning, central to psychology, will startle many readers, The 
physical sciences provide an analogy which may help to clarify our 
purpose. Man’s scientific efforts were first directed toward under- 
standing the forces that move objects, forces that make for change, 
and it was a long time before the genius of a Newton recognized 
that a “balance of forces” is needed to explain the simple rest of a 
stationary object. Yet modern physics recognizes that the energies 
which are locked in the nucleus of the atom, which to our ordinary 


perception seems so inert, are immeasurably greater than those we 
associate with moving things. 


In the biological sciences 
vital forces that move muscles and fluids and ar 


thing is a very remarkable phenomenon. Given 
nism, there is nothing remarkable about its activi 
at the causes that have put it together so that i 
cannot wonder that it acts in the w. 
as it is. But when we have reach 


an action mecha- 
ty. We may wonder 
t acts at all, but we 
ay that it does, being constituted 
ed this level of Scientific under- 
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standing, when we have ceased to regard the activity of living 
things as miraculous and come to regard it in terms of physical 
process, we have still to understand what added complexities en- 
able this action mechanism to be restrained from action. 

In any complete account of behavior, we must be able to explain 
the organism’s inaction as well as its action. If now it runs, why 
does it not run at other times? If now it eats, why does it not eat at 
other times? Failure to recognize this as a part of the problem 
betrays a latent belief in some qualitative distinction between one 
state—behaving—and another state—not behaving. The behaving ani- 
mal is still looked upon as an object of wonder, whereas the non- 
behaver is simply an accepted part of the physical world. Actually, 
à complex organism has many varieties of inaction, including such 
different states as sleep, repression, catalepsy, and meditative 
thought. Oddly enough, man in his obstinate perversity has made 
a mystery of the only form of inaction which is completely com- 
prehensible in everyday terms: death. 

It is not surprising that the fuller understanding of this neglected 
aspect of behavior should lead to a changed view of behavior gen- 
erally, Out of the study of inaction there arises a picture of the 
behaving organism as an arrangement of action systems which 
exert mutually restraining influences, and in which each overt act 
is a phase of disequilibrium that must be quickly arrested, before 
it becomes maladaptive. This model of behavior has historical ante- 
cedents, and it also receives much substance from modern neuro- 


physiology, 
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deeply indebted to a few, who will contribute to the further clari- 
fication of the ideas here presented. 


July, 1962 


INHIBITION: A PHYSIOLOGICAL 
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STATEMENT OF THE PROBLEM 1 


The development of psychological theory has always been tied to 
changing conceptions of the nervous system. This influence has not 
always been a fortunate one, since physiologists are no more immune 
to error than other men, and psychologists no less disposed to at- 
tempt the scaling of impregnable walls on bean stalks. It is there- 
ore not difficult to understand the point of view of those who decry 
this form of dependence on foreign manufactures and who urge 
Psychologists to an abstemious reliance on home-grown products 
exclusively, However sound the arguments for such a program may 
appear, they are bound to lose much of their appeal whenever, as at 
the present time, our sister science is able to exhibit a tempting 
array of startling new discoveries. 

During the past decade, progress in neurophysiology has out- 
Stripped the most sanguine hopes of the patient men who, a few 
years earlier, had been doggedly pursuing what seemed at times 
like a will-o’-the-wisp: the neural pattern of a behavioral event. New 

IScoveries have led to a radically new conception of the role of the 
nervous system in behavior, and it is inevitable that this should give 
Tise to many new developments in psychological theory. Even if we 
Bant in advance that some of these developments will be in error, 
can we afford to forego the opportunity offered for new insights? 

The situation is not unlike that with respect to the relations 

etween psychological theory and philosophy. It has so often been 
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said that the issue is not whether psychology can get along without 
philosophy, but whether it can afford to bungle along with the out- 
of-date philosophy of the man in the street, or whether it must seek 
case, the issue is not whether psy- 
chology shall be influenced by neurophysiology, but whether it shall 
make studied use of the best available neurophysiology, or go 
bungling along with an antiquated form. Hebb (1951) has pointed 
out that the attempt to exclude neurological thinking from our 
theory construction only means that, without planning to do so, we 
work in terms of ideas which, although they are now put forth as 
“purely behavioral’ conceptions,” actually had their origins in late 
nineteenth-century theories of nervous functioning, 

This book does not attempt to consider all of the implications 
which contemporary neurophysiological findings have for psycho- 
logical theories. It is concerned only with the concept of neural in- 
hibition—its history, its present status, and its applications to cer- 
tain specific problems of psychology. Our labors had their starting 
ality integra- 
tion, with particular reference to the problem of anxiety (Diamond, 
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of inhibition, they will be in a position to consider that of volition.” 
This quotation is from Animal Life and Intelligence, which ap- 
peared in 1891, at the start of a decade when psychologists generally 
were more intensely interested in the theoretical significance of 
Physiological inhibition than at any time before or since. It was 
written by the man whose name was to become, in the professional 
Parlance of psychologists, a synonym for scientific rectitude. Three 
years later, in his Introduction to Comparative Psychology, Mor- 
gan (1894) was to enunciate his famous canon: “In no case may we 
interpret an action as the outcome of the exercise of a higher 
psychical faculty, if it can be interpreted as the outcome of the ex- 
ercise of one which stands lower in the psychological scale.” His 
speculation that physiological inhibition is the basis for volition (or, 
as we should say today, for choice behavior) is entirely in the spirit 
of such parsimonious theorizing, since it sought to explain one of 
the most complex problems of behavior on the basis of a phe- 
nomenon which had been repeatedly demonstrated in the physio- 
logical laboratory. Ironically, the commitment of neurologists to 
parsimonious theorizing was to become a major impediment to 
wider acceptance of the concept of inhibition among psychologists, 
» is had already prevented its general acceptance by physiolo- 
ists. 

At the time when Morgan was writing, the interest of psycholo- 
Bists in the subject of neural inhibition was high. Recent events had 
led William James to declare, in Principles of Psychology (1890): 

Inhibition is a vera causa, of that there can be no doubt.” Freud, 
before writing any of his major psychoanalytic works, would 
soon be engaged in speculations concerning the relation between 
neural inhibition and the repressions which took place in neurotic 
defense, Wundt was to revise his theory of apperception, the very 
heart of his system, by pointing to inhibition as its physiological 
substrate, However, this interest was destined to subside soon after 
the Opening of the new century, as psychologists became more and 
more concerned with “doing” rather than with “thinking.” 

Sherrington’s great work, The Integrative Action of the Nervous 
System (1906), might just as readily have carried the title: The im- 
Portance of inhibition for nervous integration. But it was not so 
titled, and physiologists somehow succeeded in recognizing all the 
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facts relating to posture and locomotion without drawing implications 
for their wider significance. The interest of physiologists in the sub- 
ject of inhibition was only spasmodic throughout the first half of the 
twentieth century. There was a continuing accumulation of ex- 
amples of inhibition exercised by “higher” over “lower” levels of 
the nervous system, but neither physiologists nor psychologists 
seemed to regard this as a problem of central importance. Instances 
of inhibition of sensory afferentation were also known, but they 
were accorded no systematic importance. 

The prominence of inhibition in current neurophysiological re- 
search and theory did not come about as the direct result of research 
dealing with inhibition per se, although progress in that area was 
stimulated when Renshaw (1941) and Lloyd (1941) demonstrated 
the existence of inhibitory interneurons in the spine. Paradoxically, 
the great contemporary flood of research dealing with inhibition, at 
least in its behavioral aspects, arose out of the interest of neuro- 
physiologists in the phenomenon of cortical “arousal,” that is, in 
what seemed to be a mechanism for generalized excitation of the 
brain. This discovery was made by Moruzzi and Magoun (1949), 
who half accidentally observed that stimulation of the brai 
reticular formation produced a chan 
of cortical activity, as reflected 
(EEG), of the same kind as that which is evoked by 
turing stimulation. Their report proved to be the starting-point for 
a great surge of neurophysiological research, concerned especially 
reticular formation, which has highlighted 
the part played by inhibitory effects in higher nervous activities, 
have been made if it had 
) , by Magoun and Rhines 
lon of a certain portion of the brain stem 
aused inhibition of spinal reflexes. In a broad 
e more than confirmation and elaboration of 
found more than eighty years earlier, and in 
received no special recognition aside from its 
understanding of locomotor reflexes, and par- 
mena of spasticity (Magoun & Rhines, 1947), Tt 
ono cae aa tt, the apparently 

reas originating im a subcortical 


n stem 
ge in the general character 
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structure and without specific sensory content—which stirred the 
interest and imagination of neurophysiologists generally, and at 
once became the focus of a large number of research programs, all 
initially concerned with the phenomenon of arousal, but all inevi- 
tably producing facts about inhibition. 

Currently, a great deal of interdisciplinary work by neurophysi- 
ologists, pharmacologists, and psychologists is serving to demon- 
strate correlations between behavioral phenomena and measurable 
inhibition of neural processes. Furthermore, very recent dramatic ad- 
vances in biochemistry and microphysiology have made it possible 
for neurophysiologists to penetrate into the secrets of the synapse, in 
a manner which seemed only a decade ago to be reserved for the 
fantasies of science fiction. Today, the problem of inhibition can be 
considered as solved, to the extent that the physicochemical na- 
ture of neural inhibition has been clearly differentiated from 
neural excitation, and its effects have been detected, not merely 
as a decrement of overt activity, but in the recorded action of indi- 
vidual neurons. Thus, although Morgan's term volition is dated, 
the problem of choice has clearly been placed on the agenda of 
behavioral scientists. 

What is meant by inhibition? In a general sense, it is any act of 
prevention or hindrance. It is obvious that one bodily act will oc- 
casionally hinder or prevent another bodily act, with which it is in- 
compatible. However, we are not concerned with incompatibilities 
which may be defined in terms of muscles or bone structure, but 
with the effects of inhibition within the nervous system, that is, 
With instances in which one neural event prevents or hinders an- 
other neural event. In behavioral terms, it should not be assumed 
that the effects of inhibition are limited to phenomena which are 
designated by terms like repression, act-inhibition, and response 
decrement. These are its most conspicuous, but not necessarily its 
most important effects. It will be shown later that in all higher 
organisms tonic inhibitions play an indispensable part in nervous 
control, and that the momentary (phasic) inhibition of a tonic in- 
hibition is very often the means by which an overt act is precipi- 
tated, 

The classical definition of physiological inhibition is that which 
Was offered by Brunton (1883): “By inhibition we mean the arrest 
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of the functions of a structure or organ, by the action upon it of an- 
other, while its power to execute those functions is still retained, 
and can be manifested as soon as the restraining power is re- 


moved. It is thus distinguished from paralysis, in which the func- 
tion is abolished, and not merely restrained.” 


This definition reflects the atmosphere of controversy which pre- 
vailed at the time it was written. Careful workers had reported the 
slowing of the heart by stimulation of the vagus nerve, the slowing 
of respiration by the upper laryngeal nerve, the interruption of 
intestinal peristalsis by stimulation of the splanchnic nerve, the 
suppression of reflex avoidance movements to painful stimulation 
by coincident stimulation of other channels, etc. But physiologists 
could not agree on the nature of the process underlying such phe- 
agonists of inhibition believed that 
centers, dispatching inhibitory im- 
ry nerves. The most skeptical group 
na could all be explained as indirect 
emia, or some other condition which 
s function. Between, there were some 


ibits” himself. Actually, this situa- 
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the simultaneous wasteful contraction of antagonistic muscles. 
Brunton’s definition also excludes the possibility that inhibition is to 
be explained as an effect of fatigue, which is a kind of temporary 
paralysis. However, it does not exclude the possibility that inhibi- 
tion results from interference, somewhere within the nervous sys- 
tem, between two or more sets of excitatory impulses. Indeed, it is 
just such a theory that Brunton himself advanced, in the article 
containing the definition which we have quoted. Nor does it neces- 
sarily exclude a variety of other possible explanations of inhibitory 
effects, some of which will be mentioned in due course. In short, 
this is a broad definition, which is useful for discussion of the 
many ways in which physiologists and psychologists have used the 
concept of inhibition. 

However, we shall have need also of a “narrow” definition, which 
corresponds to the concept of inhibition as it is defined by con- 
temporary research. Let us, for this purpose, use the designation 
synaptic inhibition, and define this as an event which begins with 
the release by an activated neuron of an inhibitory transmitter 
substance, the effect of which is to prevent, or tend to prevent, the 
discharge of another neuron (or the contraction of a muscle fiber, 
or secretion by a gland) under conditions which would otherwise 
lead to such discharge (or contraction, or secretion). The process of 
Synaptic inhibition will be described in some detail in Chapter 5. 
However, it is this understanding of the inhibitory process which 
permits us to state with confidence that the time foreseen by 
Lloyd Morgan has arrived, and that psychology at last has the tools 
with which to approach the problems of choice behavior. 

Nevertheless, it is not likely that this breakthrough will be suc- 
cessfully exploited by psychologists unless we recognize that the 
neglect of inhibition, as a phenomenon comparable to excitation 
and every bit as important to the proper functioning of the nervous 
System, has been something more than an oversight. The idea of 
active inhibition has been actively suppressed. Generations of psy- 
chologists and physiologists have dismissed it as an illusion, as a 
merely figurative expression for some other undefined processes, 
or, after reluctantly acknowledging it as a reality, they have turned 
away and proceeded to deal with other problems exactly as if the 
Matter of inhibition had never been broached. As already indicated 
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above, there was a period starting about 1890 when many leading 
psychologists displayed an intense interest in the subject of inhibi- 
tion. But this interest was short-lived, partly because it could not be 
sustained in the face of a fairly general skepticism among physiolo- 
gists, and partly because other developments captured the attention 
of psychologists. For the past fifty years, the concept of inhibition 
has not held a place of honor in the mainstream of psychological 
thought, outside of Russia. Many leading textbooks of general psy- 
chology do not mention it at all, even when they take pains to ex- 
plain the operation of the nervous system as an organ of communi- 
cation and control. Some have a passing word for retroactive or 
proactive inhibition, as oddities of the learning process which result 
from a presumed interference between associative excitations. Dis- 
cussions of learning theory refer condescendingly to Pavlov’s strange 
notions about an inhibitory process in the cerebral cortex, “induced” 
by the excitatory process and somehow complementary to it, Ad- 
vanced texts respectfully state Hull's postulates about reactive and 
conditioned inhibition, but the reader is usually asked to remember 
that Hull was never really clear about the extent to w 
postulated relationships corresponded to physiological proc 


avoid the neurological taint, many of Hull's followers now speak 
instead of “response decrement.” 


Textbooks of physiological psy- 
chology properly point out that there is in the nervous system a 


as well as one of excitation, but 
the student reader any real com- 
inhibition. The technical usage of 
ologists that most of them think of 
do, as a close synonym of repression in the 
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been more inclination to explain inhibition away than to utilize it 
as a behavioral fact. Morgan was right: as long as the concept of 
inhibition remained poorly defined by physiologists, psychologists 
were unable to make effective use of it in dealing with their 
problems. 

Nevertheless, the early history of psychology provides many in- 
stances of interest in behavioral phenomena which apparently 
require inhibitory processes for their explanation. 

Every penetrating observer of behavior has always been aware 
of the existence of simultaneous and incompatible tendencies in 
behavior, one of which can come to full expression only by sup- 
pressing the other. Thus, in the Phaedrus, Plato described the soul 
as consisting of three parts, which he likened to “a pair of winged 
horses and a charioteer.” One of the horses is a noble animal, who 
“needs not the touch of the whip, but is guided by word and 
admonition only.” The other is “the mate of insolence and pride, 
shag-eared, deaf, hardly yielding to blow or spur.” To drive these 
two horses as a team is a difficult task. When the soul is tempted to 
carnal pleasures, it often happens that the charioteer succeeds in 
reining “both the steeds on their haunches, the one willing and un- 
resisting, the unruly one very unwilling.” However, it may also 
happen that the unruly horse takes the charioteer off his guard, and 
brings him, half unwilling, to “accomplish that desire (which has) 
not the approval of the whole soul.” 

This poetic description of the struggle between reason and desire 
may be compared with the account which was given about 2,200 
years later by Alexander Bain, in The Emotions and the Will (1859). 
Bain wrote at a time when a good deal had been learned about 
the gross anatomy of the nervous system and about neuromuscular 
innervation, and he was disposed to make the most of it. In fact, it 
is he who set the fashion for succeeding generations of psychologists 
by devoting a lengthy chapter in the first part of his composite 
treatise on psychology (The Senses and the Intellect, 1855) to a 
fairly thorough statement of contemporary knowledge about the 
structure and function of the nervous system. At that time, however, 
neural inhibition was a secret of nature which had been hinted only 
darkly to physiologists; and the hints did not pertain to the possible 
inhibition of voluntary acts. Bain could only guess at the manner in 
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which conflict was represented in and resolved by the brain. He 
even conjectured that one reason why voluntary control of the 
emotions is relatively ineffective is because “the check given to the 
actual movement of a member does not arrest the circulation of 
nervous influences, on which an emotional state depends.” Ap- 
parently he conceived of this “check” as being achieved by the 
voluntary innervation of antagonistic muscles, a kind of control 
which we have all practised at times (but only, be it remarked, 
when we have very nearly “lost control” of ourselves). He reasoned 
that although such muscular antagonism does not erase the emotion, 


it may reduce it by eliminating some of the somatic reverberation 
of the emotional wave, an aspect of 


importance in his system. “It wo 
operating through its prope: 
reaches the deep recession o 
Wave can silence the conscio 


Bain also supposed that conflicting action tendencies can and do 
struggle against each other within the brain, as well as in the limbs, 
He wrote: “We are not pe 
between two rival influen 
cannot tell the points wh 
still we can see the broad distinction of character betw. 
fused excitement of an emotional wave, and the movements stimu- 
lated by the tendency of pain to work its own abatement, and of 
pleasure to work its Own increase. . . . The same moving member 
may be urged by a plurality of impulses, as if flowing from different 


nervous centers, and when two of these Oppose one another, we 
must needs term that the stronger which determines the actual 
result,” 
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the fact that “the stronger always tends to extrude the weaker,” but 
also contended that “this greater should itself too be less distinctly 
perceptible than if it were alone,” and pointed out that the outcome 
also depends on whether the two stimuli belong to the same sensory 
continuum or to different sense modalities. An additional compli- 
cation which is introduced by the element of motivation is recog- 
nized in a passage of the Nicomachean Ethics (X, v): “People who 
are fond of flute-music cannot keep their attention to conversation 
or discourse when they hear the sound of a flute.” Here, he was no 
longer thinking of the direct rivalry between the sensory stimu- 
lations, but of the fact that “the pleasure attendant on flute-playing 
destroys the working. of conversation or discourse.” This is a 
Problem of volition with which the modern teen-ager at his home- 
work still contends, as the printed page and recorded music vie for 
S attention. 
Before leaving the ancient world, it is interesting to note that the 
oly men of India long ago possessed a theory of inhibition, as well 
as superlative skill in exercising it, in a form which we now call 
self-hypnosis, Warren’s Buddhism in Translations (1896) gives a 
Passage from The Way of Purity, a fourth-century commentary 
which tells how the priest attains “the trance of cessation” by a 
Practiced passage through many preliminary stages of trance. In the 
ast of these trances he enters the “realm of nothingness,” but must 
arise from this to perform certain requisite duties, the most neces- 
Sary of which is to reflect whether he is sure to live for the seven 
ays of the final trance, Thereafter, “he enters the realm of neither 
Perception nor yet non-perception; and having passed beyond one 
Sr two thoughts, he stops thinking and reaches cessation. . . - For 
Mis Priest’s progress in gradual cessation consists in an ascent 
bas ugh the eight attainments by the simultaneous use of both the 
Quiescence and insight methods, and does not result from the trance 
of the realm of neither perception nor yet non-perception alone. 
t US it is because of the priests progress in cessation that beyond 
39 thoughts the thoughts cease.” In this final stage, there is “ces- 
sation of perception and sensation, bodily karma has ceased and 
come quieted, vocal karma has ceased and become quieted, 
mental karma has ceased and become quieted, but vitality has not 
come exhausted, natural heat has not subsided, and the senses 
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have not broken up.” These last phrases remind us of Brunton’s 
definition: the Trance of Cessation meets the requirement that it 
is an arrest of function which is not a result of fatigue or paralysis. 
The concept of inhibition appears in the writings of many of the 
pioneers of modern psychology. Hobbes utilized the Aristotelian 
notion of the mutual interference of sensory processes to explain 
both the limitation in the range of consciousness (“wherefore at one 
and the same time, we cannot by sense perceive more than one 
single object”) and the “decay of sense” by which vivid sensations 
give way to the more pallid contents of imagination. However, in 
Hobbes we find also the beginnings of a distrust of inhibition, as 
somehow violating the mechanical principles by which he sought 
to explain mental activity. Hence he insists that “a vehement motion 
made by some one object in the organs of sense . . . deprives us of 
the sense of other phantasms, no otherwise than the sun deprives the 
rest of the stars of light, not by hindering their action, but by 
obscuring and hiding them with his excess of brightness.” The fact 
that in dreams imagination can be as vivid as direct sensory experi- 
ence is because “in sleep, the passages being shut up, external 
action doth not at all disturb or hinder internal motion,” Hobbes 
also anticipated the attempt to explain inhibition in terms of the 
refractory phase in the nerve fiber, saying that when the nerves 
“which are common to all of the senses . . . are vehemently stirred 
by a strong action from some one object, they are, by reason of the 
contumacy which the motion, they have already, gives them against 
the reception of all other motion, made the less fit to receive any 
other impression from whatsoever other objects, to what sense 
soever those objects belong” (De Corpore, xxv, 6, 7) 
Descartes mentioned senso 
it to provide an analogy fo 
inhibition of movement. 


ry inhibition only in passing, but used 
r the even more interesting voluntary 
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& a slight sound or feeling a small pain, but 
under or feeling a 


: c esser passions, but 
not the stronger and more violent ones, except after the agitation of the 
blood and the animal spirits has subsided. The most the will can do while 
this agitation is in full fo ects, and to restrain 
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some of the movements to which it disposes the body. For example, if 
anger makes us raise our hand to strike, our will can usually hold it back; 
if fear incites us to run away, our will can stop us, and so on with the 
other passions (Descartes, 1650, Art. 46). 


Notice that Descartes’ acceptance of the notion of act inhibition 
is linked with his doctrine of interactionism. That is, he did not 
describe inhibition as a process within the framework of that purely 
mechanical activity by which he explained animal behavior and 
most human movement, but as one manifestation of the soul's in- 
fluence over the body. Elsewhere, he gave an account of what he 
conceived to be the mechanism for reciprocal action of antagonistic 
muscles, in which he assumed that animal spirits which inflate the 
muscles shuttle back and forth, from one to the other, through 
narrow tubes, so that the contraction of one muscle is necessarily 
accompanied by relaxation of its antagonist. However, inhibition 
plays no part in this process, for “the sole cause of one muscle’s 
Contracting rather than the one opposed to it is that it receives a 
slightly larger amount of animal spirits from the brain” (Treatise on 
Passions, Art, 11) That is, one muscle (or rather the spirits then 
Present within one muscle) is excited more strongly than the other. 
The process is therefore excitatory in all its phases. Nevertheless, 

herrington (1951) has credited Descartes with introducing the 
Concept of inhibition into physiological discussion, by this recog- 
nition of the need for reciprocal influence between antagonists. 
& Locke (1690), in his chapter "The Idea of Power," declared it 
evident, that we find in ourselves a power to begin or forbear, 
Continue or end several thoughts of our minds, and motions of our 
bodies, barely by the choice or preference of the mind.” Locke, 
unlike Hobbes or Descartes, was deliberately nonphysiological in 
$ method, and therefore he does not trouble himself as to how 
& forbearance might be effected, although he states, in a passage 
added in the second, 1694 edition, that “sitting still, or holding one's 
peace, when walking or speaking are proposed, though mere for- 
Carances, requiring as much the determination of the will, and 
emg as often weighty in their consequences, as the contrary 
ag may, on that consideration, well enough pass for actions 
00,” 


Objection to this view was raised by Tucker, one of the most 
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neglected men in the history of psychology, in The Light of Nature 
Pursued (1765). He declared: “What we call a forbearance I appre- 
hend to be generally a choice of some other action.” This seems a 
rather clear rejection of any notion of inhibitory action; yet a few 
pages on, turning his attention to the problem of how the slender 
nerves can contain the forces needed to produce powerful muscular 
exertions, Tucker designs a disinhibitory model, and even anticipates 
the modern argument that convulsive behavior demonstrates the 
existence of inhibitory controls! He writes: 


That there is another force within us besides our own, capable of act- 
ing upon the muscles, we may be convinced by convulsive motions, 
wherein the mind has no concern, nor volition any share, yet they some- 
times imitate, and generally exceed the vigour of our voluntary actions. 
Perhaps there lies a mighty weight of some subtile fluid thrown from our 
animal circulation, constantly against the orifices of our nerves, but pre- 
vented from entering by certain little sliding valves kindly provided by 
nature for our use: the mind then has nothing more to do than draw aside 
the valves, and in rushes the torrent. The mind in this case works like 
the miller of an overshot mill—he has shoots lying over every one of his 
wheels, stopped by flash-boards at their upper ends, against which the 
water lies bearing always ready to drive the wheels whenever it can find 
a passage: so the miller, by drawing a little board, which any child might 
pull up with a finger, turns the stream upon this wheel or that as he 
pleases. . . . So some foulness of our juices may work under the valves, 
keeping them open whether we will or no: or the boiling of a fever may 
stretch them beyond their natural width, and produce convulsions 
wen than anything the mind can effect by her volition (Tucker, 1765, 

» p. 32). 

Tucker was sufficientl 
in his next chapter, to th 
may have furnished us 
(C. Our own proper 
further than to openin 
imagination. 

Cabanis is another sadly 


y pleased with this hypothesis to extend it, 
e sphere of the imagination. “Perhaps nature 
with valves too here, to serve us for stoppers. 
action, the action of our mind, extends no 
g the valves,” thus regulating the currents of 


neglected author, whose essay Sur les 
Rapports du Physique et du Morale de l'Homme has the distinction 


of being probably the most important work of the French enlighten- 
ment which has never appeared in English translation, In this work, 
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the Cartesian dualism is replaced by a pragmatic and quite modern 
conception of mind-body relationships, in which the concept of 
correlation replaces that of causality. In the following passages, 
Which describe the complexity of interaction among all bodily or- 
gans, he clearly implies the need for inhibitory as well as excitatory 
influences among them. 


In this uninterrupted sequence of impressions; of determinations, of 
functions, of various movements, both internal and external, all of the 
Organs act and react with one another: they communicate their states to 
9ne another, excite and repress one another, reinforce and balance one 
another, and mutually restrain one another. . . . If one thinks in this 
Way of all of the important bodily functions, one will say that each one is 
tied to all of the others by more or less direct relationships, that they must 
mutually excite and support one another; that, in consequence, they form 
a circle in which life turns, maintained by this reciprocity of influences. 
+ * Therefore we can no longer have any difficulty in stating the true 
meaning of the expression, the influence of the mental on the physical: 
We clearly see that it designates this very influence of the cerebral system, 
as the organ of thought and of will over the other organs whose activity, 

Y its sympathetic action, it is able to excite, to suspend, and even to 
Pervert. It is this; it can be nothing more than this (Cabanis, 1802, 
Il, pp. 415, 416, 431). 


In Cabanis, also, one finds what is perhaps the first intimation of 
the drainage theory of inhibition, which appears again in the writ- 
ings of Volkmann, of Spencer, of William James, of Sigmund Freud, 
and finally as a fully developed theory in the physiological psy- 
chology of William McDougall. In the course of a discussion in 
Which Cabanis inisisted that the role of the nerves in sensibility is 


More than the merely passive transmission of impressions, he 
Wrote; 


Let us mention here that sensibility behaves like a fluid which has a 
c total quantity, and which, whenever it flows in greater rein 
bec Some of its canals, is proportionately diminished in others. s 
of Omes very apparent in all of the violent states, but above all in states 
hens ; in which the brain and some other sympathetic organs enjoy 
tio; "imite degree of energy and activity, while the faculties of s 
aba, and of movement, while life, in a word, seems to have complete: y 

andoned the rest of the body. . . . It is by taking advantage of this 
Physical disposition that the charlatans of all kinds and in all countries 
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have worked most of their miracles. . . . This is the true magic wand 
by which Mesmer sometimes Stopped habitual pains . . . (1802, I, 
p. 127 £). 


The doctrine of inhibition received its most intensive develop- 
ment not in the hands of any physiologically oriented psychologist, 
but in the frankly metaphysical system of Herbart (1816, 1824). In 
Herbart's day, most German psychology was preoccupied with 
speculative discourse on the nature of the soul, while English psy- 
chology had developed association theory on an empirical, though 
not an experimental, basis. Herbart's great interest in pedagogy led 
him to respect the results obtained by the associationists; but he was 
not ready to give up the concept of the soul as an active entity, and 
to replace it with an ego which the skeptical Hume (1739) had 
described as merely “a bundle or collection of different perceptions 

- in a perpetual flux and movement.” It was this on its surface, 
Herbart conceded; but he contended that metaphysics could pene- 
trate below such surface phenomena, to reveal their necessary pre- 
conditions. He accepted the heart of the Leibnitzian position: that 
these experiences constitute activities of the soul, and not passive 
states imposed on it from without. For Herbart, as for Leibnitz, an 
idea is a striving for apperception, that is, for conscious represen- 
tation. Herbart added that any striving presupposes a contrary re- 
sistance, and therefore we can deduce the existence of opposing 
forces that are not directly experienced. Any explanatory account of 
psychological events must deal with the resistances, or inhibitions, 
to which the Striving of conscious ideas is opposed. Herbart also 
accepted the Leibnitzian doctrine that the soul, whose essence is 
thinking, thinks constantly, 
interrupted. Hence, thinkin 
On these foundations, Her 
which was explanatory an 
the mental contents were 
found the secret of the resi 


processes, starting with t 
stronger will suppress the 
diminution in the process, a 
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cal results of interaction among many ideas of different strengths 
and different degrees of compatibility. He escaped the need for a 
faculty of will, since he endowed each idea with its own motive 
force. He also ingeniously explained the creative surprises which 
take place in conscious experience, which seem so inexplicable under 
any theory of recall by positive associative bonds. Ideas which have 
been inhibited to the point that they do not rise above the threshold 
Of consciousness, nevertheless persist as strivings for conscious 
representation. To return to consciousness, they need not wait for 
the assistance offered by some idea with which they have been as- 
Sociated: such a striving may become conscious because the ideas 
Which had been inhibiting it must turn some part of their own 
force against some new idea which enters consciousness, and 
threatens to inhibit them. Since the degree to which one idea in- 
hibits another depends in part on how opposite or incompatible 
they are, there is in this scheme abundant provision for a highly 
dynamic interplay, in which even a weak new idea may trigger the 
disinhibition of a much stronger idea which is not obviously related 
to it, and with which it has never previously been associated. Herbart 
represented these relationships in ingenious mathematical formu- 
lations which provided an important impetus toward the develop- 
ment of a quantitative psychology. Our interest, however, is to look 
upon his system as an early attempt at a “mathematical model” of 
behavior, From this point of view, we shall see later that the 
formulations which have so often been condemned as devoid of 
any basis in reality have an extraordinary “fit” to a great mass of 
mpirical physiological and behavioral data. 

The first experimental account of inhibition was given by Charles 
Bell (1823)—in connection with a discussion of the muscles of the 
eye. In describing the functions of the fourth cervical nerve, he 
Said that it “is entirely given to one muscle, the superior oblique,” 
and “if we suppose that the influence of the fourth nerve is, on 
Certain occasions, to cause a relaxation of the muscle to which it 
Soes, the eyeball must then be rolled upwards.” Anticipating the 
objections of his readers, he appended the following footnote: 


Ne nerves have been considered so generally as instruments for 
imulating the muscles, without thought of their activity in the opposite 
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capacity, that some additional illustration may be necessary here. 
Through the nerves is established the connection between the muscles, 
not only that connection by means of which muscles combine to an effort, 
but also that relation between the classes of muscles by which the one 
relaxes and the other contracts. I appended a weight to a tendon of an 
extensor muscle, which gently stretched it and drew out the muscle, and 
I found that the contraction of the opponent flexor was attended with a 
descent of the weight, which indicated the relaxation of the extensor. 
To establish this connection between two classes of muscles, whether they 
are grouped together as in the limbs, or scattered widely as the muscles 
of respiration, there must be particular and appropriate nerves to form 
this double bond to cause them to conspire in relaxation as well as to 


combine in contraction. If such a relationship be established, through the 
distribution of the nerves, between the muscles of the eyelids and the 


superior oblique muscles of the eyeball, the one will relax while the other 
contracts (Bell, 1823, p. 295 £). 


Take note that although Bell had a clear concept of inhibition, he 
still lacked a name for the phenomenon. Notice also that he inclined 
to an hypothesis of special inhibitory nerves—an hypothesis which 
was to be vigorously pursued after the discovery of such nerves in 
the autonomic system, but one which was to prove a blind alley in- 
sofar as the voluntary musculature of vertebrates was concerned. 


) improved the ex- 
animal instead of a nerve- 
d the attachments of the 
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trated clearly into an issue which is still the source of much con- 


fusion. 


It is easy to see how the will is able to prevent a reflex movement from 
taking place. Of two opposed stimuli, the stronger is victorious; hence 
the convulsive movements of laughter due to tickling do not take place, 
if the will not to laugh is stronger than the tickling stimulation which 
tends to produce laughter. It is much more difficult to give a satisfactory 
physiological explanation of the influence of attention. If a man lost in 
thought is stimulated to startle by a light touch, but another, who sees 
the stimulus coming, is not, it is inappropriate to assert that the latter is 
not startled because he overcomes the stimulus to involuntary movement 
by the power of his will. For the attentive person, the light touch does 
not represent the slightest stimulus to reflex movement, and since he does 
not experience such a stimulus, he cannot be fighting it with volition. The 
question is rather why the stimulus to movement . . . does not exercise 
any exciting influence on the motor fibers in the attentive person? 
(Volkmann, 1838a, p. 32 £.). 


He meets this question with a drainage hypothesis: that perhaps 
the effect of attention has been to heighten the conductivity of 
Certain afferent nerves, and that these act "like lightning rods" to 
draw off excitation which might otherwise follow another path, to 
Incite voluntary movement. However: 

Whether this attempt at explanation is correct or not, the fact seems 

eyond doubt that the strength of reflex movements can be impeded by 
the influence of psychic forces. By this it is not meant that decerebration 
avors reflex movements by removing psychic influences, but on the con- 
trary it is more probable that still other, unknown causes come into play. 
e tendency of the nervous principle to jump from one fiber to another 
indeed so great in the decerebrate amphibian, that a wholly extraor- 
dinary psychic development of power would be needed, if this tendency 


is 


` Were to be overcome, in the mutilated animal, solely by the action of the 


Soul (Volkmann, 1838a, p. 34). 


Despite such now-obsolete phrases as “the influence of psychic 
Orces" and “the action of the soul,” the essential point is clear: the 
“uppression of one neural event by another does not come about 
cause the stronger overrides the weaker, but because "unknown 
“auses” counteract or diminish the excessive excitability of certain 
neural pathways, 

In another article, Volkmann (1838b) discussed the cervical nerves 
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of the frog, and stated with emphasis: “Nothing is more remarkable 
than the influence of the vagus on the movement of the heart.” Using 
the primitive electrophysiology of the time, he stimulated the vagus 
of a frog, about 15 minutes after its death, by opening and closing 
a key in the circuit from a voltaic pile. He observed that the heart 
beat was weakened, and some of the beats were missed altogether, 
but that subsequently the pulse regained its former strength and 
consistency. He repeated this observation at intervals on the same 
animal, obtaining the same result four times. However, he does not 
mention any possible relationship between this phenomenon and 
the suppression of voluntary movements of the limbs, which had 
been discussed in the previous article. 

The vagal inhibition of the heart was reported again, in 1845, by 
the brothers E. H. Weber (well known to psychologists for his work 
on the sense of touch, from which Fechner was to deduce “Webers 
Law”) and the somewhat younger E. F. W. Weber. Perhaps the 
intermediate brother, W. E., a distinguished physicist, advised with 
them on the source of their stimulating current. This was not a 
voltaic pile (as erroneously stated by Brazier [1959a, p. 36]), but a 
generating apparatus which consisted of two coils which were ro- 
tated manually, by a belt and pulley arrangement, in the field 
of a permanent magnet. By use of commutators they obtained a 
direct though inconstant current, whose strength varied with the 
speed of rotation. (The apparatus is illustrated in Ed. Weber, 
1846.) They state that strong stimulation from this source quickly 
stopped the heart, but the beat would be resumed a short time 
after cessation of the stimulation, When the rotation of the machine 
was less vigorous, the heart beat was weakened and slowed, but 
not stopped. They make special note that when the heart is stopped, 
it is in a state of action—that is, in terms of 
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at their terminus, exert an inhibitory effect. The distrust of inhibi- 
tion, even in the face of repeated experimental demonstration, 
Was to last a long time. In 1899, Meltzer wrote with full justi- 
fication: “. . . the phenomenon of inhibition is distrusted in phys- 
iology, (and) had to fight on general grounds at every step for 
the establishment of any new fact.” We saw the root of this distrust 
in Hobbes’ insistence that one sensory process could not “hinder” 
another, but could only obscure its effect as the sun obscures the 
Stars, by outshining them. The reluctance to admit that any stimu- 
lation could subdue excitation, as well as provoke it, received an 
important doctrinal basis in the eighteenth century, when Haller 
(1755) distinguished between the irritability or contractility of 
muscles, on the one hand, and the sensibility of nervous and other 
tissue on the other. This doctrine of irritability was a major episode 
m the long struggle to free physiology from mystical concepts ofa 
life force, and it is also the root from which the modern doctrine 
9f stimulus and response has blossomed. Haller said that muscular 
Contraction was the expression of a vis insita, an inherent force, 
in contrast to the animal spirits which were previously supposed to 
ting the power of reactivity into otherwise inert tissues. Following 

aller, almost every physiologist in what we may today call the 
eveloping materialist tradition (although most, like Haller, would 
ave rejected the designation “materialist” as one of opprobrium) 
looked upon this dostrine of irritability as one of the foundation 
Stones of his science, because it made the responses of living tissue 
explicable in terms v the characteristics inherent in the tissues 
themselves, rather than referrable to an “extra” contributed by the 
dcn of some mysterious life force of external origin. So great was 


1e Prestige of this doctrine, that toward the end of the eighteenth 


c Nap: onis 3 i 
— Rn Erasmus Darwins Zoonomia, or the Laws of Organic 


"a (1794), it is given a status comparable to that of Newton's 
Principle of gravitation. Darwin wrote: "The fibres which constitute 
Th muscles and the organs of sense possess à power of contraction, 
on circumstances attending the exertion of this power of contrac- 
"^ constitute the laws of animal motion, as the circumstances 
ending the exertion of the power of attraction constitute the laws 
of moder 
Th 


n of inanimate matter." i 
en he described sensation, volition, and association as second- 
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ary forms of motion, arising out of irritative motion. For example: 
“That exertion or change of the sensorium, which is caused by the 
appulses of external bodies, either simply subsides, or is succeeded 
by sensation, or it produces fibrous motion; it is termed irritation, 
and irritative motions are themselves contractions of the muscular 
fibres, or of the organs of sense, that are immediately consequent 
to this exertion or change of the sensorium.” 

Of each of the other forms of animal motion, Darwin likewise 
stated that it “either simply subsides” or gives rise to one of the 
other forms. Since the principle of conservation of energy had not 
yet been stated in all-embracing form, Erasmus Darwin, less cau- 
tious than Hobbes, could permit the irritative motion to waste 
itself in "simply subsiding," but he left no room for 


that the direct effect of a stimulus could be to ne 
rather than to provoke it. 


any supposition 
gate contraction, 


By 1845, when the Webers made their report, it was already 
believed that the nervous impulse itself was an electric current, and 
it was simply unthinkable that such an electric impulse, reaching a 
tissue which had the distinctive characteristic of irritability, could 
produce an inhibitory effect. How could electricity, this quickening 
imponderable fluid which seemed at last to provide the long-sought 
physical substitute for animal Spirits, exert a depressant rather 
than a stimulating influence? How could a muscle, whose special 
quality it was to respond by contraction, become flaccid as a result 
of stimulation? 

In 1847, Helmholtz enunciated the principle of the conservation 
> energy in sweeping terms which left no doubt that it must em- 

ra 


admit the concept of inhibition 


Was to abandon the principles under- 
lying the progress of their scie 


nce, from Haller to duBois-Reymond. 
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A plausible explanation of the inhibitory effect, which would leave 
the principle of irritability unweakened, was urgently needed. One 
such explanation was offered by Schiff (1849), who argued that the 
rhythm of heart action was due to very rapid fatigue of responding 
elements in the heart, a kind of intermittent exhaustion, and that 
the effect of vagal stimulation was to make this exhaustion con- 
tinuous. A quarter of a century passed before this hypothesis, which 
is not unlike the later theory of Wedensky, was reluctantly aban- 
doned by its author (Schiff, 1873). Another widely accepted explana- 
tion was that suggested by Brown-Séquard (1853), who argued that 
the cause of cardiac deceleration was undoubtedly vasoconstriction 
of the coronary arteries, That is, the stimulation did after all result 
in muscular contraction, quite as expected, but the contraction of 
the arterial muscles expelled from the heart the blood which was 
the natural stimulus to the heart’s contraction, and thus a slowing 
of the heartbeat was an indirect consequence. These theories could 
hardly be called satisfactory, but they sufficed to lay the ghost of 
inhibition, so that it need no longer disturb the orderly dreams 
of physiologists. 

The ghost rose again when Pflüger (1857) demonstrated that in- 
testinal peristalsis is inhibited by the splanchnic nerve. He surmised 
that the inhibitory fibers were “somehow able to disturb” the in- 
nervation of motor ganglia. Then Bernard (1858) showed that 
a branch of the facial nerve actually caused dilation of blood vessels 
in the submaxillary gland, and this discredited Brown-Séquard's 
theory that vasoconstriction is the cause of cardiac deceleration. In 
1862, Rosenthal described the inhibition of respiration by stimu- 
lation of the upper laryngeal nerve, Eckhard demonstrated that the 
action of the erectile nerves is inhibitory (see page 42), and Goltz 
was moved to exclaim (as quoted by Meltzer, 1899) *Let us resist 
the flood of inhibitory nerves!" 

` The foregoing is background. But in 1862 there also occurred 
another event, which was to have a great though long-delayed im- 
pact on the history of psychology. In the laboratory of Claude 
Bernard, in Paris, a young Russian physiologist, Ivan Sechenov, 
demonstrated the inhibition of a spinal reflex by structures in the 
brain stem of the frog. The whole problem of inhibition had been 


raised, one might say, to a higher level. 
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Sechenov's discovery of central inhibition was no accident. But it 
was preceded, as most individual achievements are, by a series of 
fortunate events which created the opportunity for it. Few scientists 
have biographies so fascinating as that of Sechenov, and in which 
there is such evident interaction between the events of the labo- 
ratory and conditions in the surrounding social milieu, Because 
this book appears in the centennial year of Sechenov's epoch- 
making masterpieces, we take leave to embellish it with a few 
paragraphs on the life of this quite remarkable man. He was 2 
younger son in a provincial family of very modest means. His 
father owned some land, but his mother had been an unschooled 
peasant girl; and this is doubtless the beginning of Sechenov's later 
interest, not merely in the education of the working classes, but 
particularly in the education of women. Tt was the older brother 
who suggested to their widowed mother, out of wisdom gained by 
a tour of duty in the army, that a good way to provide for Ivan $ 
future would be to send him to a military engineering school, where 
tuition would be free. Thus Sechenov received his opportunity for 
education under conditions rather similar to those that enabled 
Helmholtz, and many other gifted young Germans of modest means: 
to study medicine, on condition that they agree to serve as army 
doctors for a term of years after graduation. (Helmholtz was released 


from this obligation after several years as an Army surgeon, whe? 
his scientific genius had been demonstrated.) 


26 
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At the engineering school, the brighter students were permitted 
to complete their degrees, but those in the lower half of the class, 
at the end of the second year, were commissioned as junior officers 
and packed off to their military duties. Sechenov was an industrious 
student who stood near the top of his class, but he was also a very 
proud young man. He dared to show open disrespect for one of his 
duller classmates, the braggart son of the school commandant— 
behavior hardly to be tolerated in a poor student without family. 
Therefore, at the end of the second year Sechenov’s studies were 
interrupted and he was assigned as instructor to the military school 
in Kiev, 

As it turned out, this was fortunate for science. The qualities of 
this brilliant and earnest young man, who was by disposition so un- 
suited to a military career, soon made him a welcome guest in the 
home of a cultured family in that provincial city, where he often 
Sought refuge from the barracks life. A part of this home's at- 
traction was the daughter, a young widow, surely fitted by her 
personality and her endowments to become the heroine of a 
Russian novel. She opened for the young officer new horizons of 
interest, the chiaroscuro world of the mid-century Russian intel- 
tigentsia, in which the dark shadows of the present were pierced 
dum shafts of hope for the future. We can imagine her singing 
icis owing song, as did the heroine in Chernyshevsky's still un- 
she M novel, What Is to Be Done? (which was indeed to be pub- 

in the same year as Sechenov's own great work, The Reflexes 
of the Brain) 


Nous voulons pour tous les hommes 
Science et destins meilleurs. 
Étudions, travaillons, 

La force est à qui saura; . . . 
Qu'elle vienne, la science 

Qui nous affranchira tous! 


D : i 
nor s the still boyish Sechenov was smitten by love, but this 
oe heroine of science had a nobler role to play: to inspire 

ardent genius with a passion for humanistic science. Soon 


1 
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Sechenov had resigned his commission and was off to St. Petersburg, 
this time to study medicine, living on a pittance which enabled him 


to eat meat twice a week and to drink tea once a month (Sechenov, 
1907). 


As a medical student, Sechenov was 
took his degree in 1856 he also earned 
him to travel abroad for two years toc 
following him there, we must read the 
dissertation. The topic was the medic. 
subject of lively concern to those w 
the Russian peasant. How surprising, then, to read these theses 
(Sechenov, Pavlov, & Wedensky, 1952, I, p. 133), which show that 
his mind was already coping with a much broader problem: 

“2. All movements known in physiology as voluntary are reflex 
movements in the strictest sense of the word. 

“3. The outstanding feature of the normal activity of the brain 
(as expressed outwardly in the form of movement) is the dispro- 
portion between excitation and effect (movement), 

"4. The reflex activity 
the spinal cord, 


“5. There are no nerves w 
During the next two years Sechenov studied abro. 
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be performed, and everyone waited trembling for its proclamation. 
- . . New problems, new demands on life were born in literature 
and in society; but in this year the general mood was quiet and 
tense, expectant without any outbursts, like before a great festival.” 

It must have been shortly after the proclamation that Sechenov 
left for Paris, for a period of study and research in the laboratory 
of Claude Bernard. In his heart he had hope; in his mind he still 
carried the problem which he had formulated five years earlier: 
“The outstanding feature of the normal activity of the brain is the 
disproportion between excitation and effect.” 

How does one investigate the reasons for a lack of correspondence 
between stimulating events and cerebral reflexes? It was still all too 
true, as Bain had remarked, that “we are not permitted” to explore 
the sites where rival influences meet in the brain, and neutralize 
each other, However, it had been known for a long time that the 
spinal reflexes of the decerebrate frog were stronger than those of 
the intact animal. Most physiologists accepted the explanation that 
With so much nervous tissue removed, any given excitation would 
be less diffused, more concentrated in purely spinal channels, and 

ence evoke a stronger response. However (Sechenov tells us), 
eber had already speculated that this fact was somehow connected 
With our ability sometimes to exercise voluntary control over in- 
Voluntary acts, such as coughing. It was to this idea of Weber's 
that Sechenoy returned, and not to the simple problem of reflex 
excitability. What he saw was that in the decerebrate frog there 
Was a regular correspondence between excitation and effect, so that 
à stronger stimulus always evoked a stronger and swifter response, 
while in the intact animal it would sometimes happen that the 
response to a strong stimulus would be slight, or the response to a 
Weak stimulus would be exaggerated. In the intact frog, in other 
Words, there was some of that “disproportion between excitation 
and effect” which was the distinguishing mark of the brain’s activity. 
echenoy decided to measure reflex excitability in terms of la- 
tency, using a procedure which had been developed by Türck. This 
Was to dip the frog’s leg into a weak acid solution, and to count 
© number of metronome beats until the frog’s leg was lifted in 

e reflex act of defensive withdrawal. It was a measure of reflex 
Teadiness, rather than strength of response. Sechenov performed 
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this experiment under a variety of conditions, systematically tran- 
secting the brain, the midbrain, and the spinal cord at several 
different levels, sometimes successively on the same 


animal, and 
noticing also the effect of stimulatin 


g the nerves at the point of the 
s which had been soaked in a 
a weak electric current. (The 
ased on experiments in which 
» Dut years later, in replying to 
ods had given similar results.) 
tion at the lower levels which 


y cutting through the roots of the optic nerves 
at the level of the third ventricle, 


result in stronger reflex 
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per immediately reversed the 
effect, suppressing the reflex. Beca 
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latest, the manuscript of The Reflexes of the Brain must have been 
ready for the printer. Chernyshevsky's Sovremenik was the obvious 
medium for its publication. 

However, the censors intervened. They declared that although 
Sechenov's thoroughly deterministic treatment of the mind was 
perhaps not immoral in itself, it would endanger the morals of readers 
without adequate scientific preparation. Therefore, the work ap- 
peared in the Medical Bulletin (Medizinskii Vestnik), in 1863. The 
Matter was embarrassing to the Ministry of Education, and the 
Police censorship was relaxed. A pamphlet edition was printed in 
1864, but the ban was soon reimposed. Eventually it was lifted 
again, and a new edition was printed in 1870. Pavlov and Bechterev 

oth have testified to the fact that the book was a subject of lively 
interest to the university students of their day. Whatever its 
Political intent, no one can doubt that it had revolutionary impli- 
cations for psychology. 

Our principal interest is in the application which Sechenov made 
Of his finding of central inhibition. It is obvious that he would use 
it to resolve the contradiction between theoretical determinism and 
the unpredictability of behavior in practice. But by the manner in 
Which he did this, he also laid the foundation for a totally new kind 
ot Psychology, for he asserted that thought, far from being some- 
thing above action, was in fact something less. 

It will be remembered that in one of the theses in his medical 
issertation in 1856 he asserted that all voluntary movements must 
© regarded as reflex (see page 28). This assertion reappears in The 
eflexes in the following form: “All mental states are developed in 

the same manner as reflex actions. Thus all the conscious movements 
following from these acts and which are ordinarily called voluntary 
are reflex, in the strict sense of the word.” 
he next thesis referred to the “disproportion between excitation 
and effect” which is characteristic of cerebral activity. The Reflexes 
explained this thesis in the following way: "At the same time as, by 
Ne frequent repetition of associated reflex actions, man learns to 
Broup his movements, he also acquires (and always in reflex manner) 
the faculty of checking them. From this results an innumerable 
multitude of phenomena, in which the mental activity remains with- 
Out external expression—in the state of thought, intention, desire, etc. 
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... Among psychic reflex actions there are many in which the 
last term—the movement—is inhibited.” 

And thus at last to this oft-quoted sentence: “ 
reflex reduced to its first two-thirds.” 
that the inhibitory powers which effe 
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function of certain brain stem structures. There is a clear parallel 
between these discoveries and those of Magoun and his coworkers 
(Magoun & Rhines, 1946; Rhines & Magoun, 1946; Moruzzi & 
Magoun, 1949), which, as we shall see in later chapters, have led 
to such startling developments in contemporary neurophysiology. 
In 1870 Sechenov wrote an essay with the title, Who must in- 
vestigate the problems of psychology, and why. He asserted that 
€ task was one for physiologists alone. Nevertheless he did not con- 
centrate his own efforts on those tasks, finding other problems to 
engage them. He did important research on the absorption of gases 
Y the blood, and this naturally led him into studies of fatigue. He 
Sctured before audiences of workers on the physiology of work, in 
Support of the movement for the eight-hour day. Indeed, he was 
always ready to act in support of what he believed. When women 
Were excluded from classes at the university, he lectured without 
recompense in special classes organized for them. When the Ministry 
of Education refused to permit the appointment of Metchnikov, a 
ew, Sechenov resigned his position in Moscow as a protest, and 
aught for the next few years in the voluntary “exile” of Odessa. He 
continued scientifically active until the very end of his century, 
Saming well the title which history was to bestow upon him: “father 
ussian physiology.” . 

Thong Sechenov's students (and the successor to the chair that 
echenov vacated by his resignation) was Wedensky, whose con- 
tributions we shall consider in the next chapter. His work also had 
Breat influence on the thinking of Pavlov and Bekhterev, both of 
Whom were members of that student generation which was so zeal- 
?usly protected from The Reflexes of the Brain by the czar’s censors. 
most simultaneous with The Reflexes of the Brain appeared a 
arkable book by an English physician named Anstie. Apparently 
Motivated more by his concern about the misuse of “stimulants” in 
Medical Practice than by interest in the nervous system as such, 
Anstie Opened up a new and insightful approach to the problem of 
inhibition, Drawing primarily on his experience in the administration 
DE chloroform, and on observation of the behavioral phenomena 
accompanying intoxication by hashish and by alcohol, he came to 
the conclusion that the mental excitement induced by these means 
Ought not to be called stimulation at all; that they are, in fact, the 


t 


rem 
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results of a partial and highly peculiar kind of paralysis of the 
brain." Anstie's name is all but forgotten, but "Anstie's principle, 
as Hughlings Jackson often referred to it, has been of lasting n 
fluence, although credit for it is usually given to Jackson himself. 
In Stimulants and Narcotics (1864), Anstie questioned the sen 
widespread practice of assuming that “every rapidly increase 
manifestation of mental activity from an external cause,” or any 
marked increase in secretion, or in the force or rate of heart beat, 
or in any other bodily function, is the result of "the action of a 
stimulus." One example of an increased function which is not de- 
pendent on increased stimulation is taken from the work of Claude 
Bernard and Brown-Séquard, namely, that sectioning of the sym- 
pathetic nerve results in increased secretion. But Anstie finds his 
principal arguments in clinical Observations, and we cannot resist 
the temptation to quote at length from this book, which will be 


accessible to few of our readers, and which has suffered such un- 
deserved neglect. 


The faculties of the mind are not homogeneous, nor such as are neces- 
sarily put in motion all at the Same time, or by the same causes. On the 
contrary, nothing is more certain than that a natural opposition exists 
between the reason and the will on the one hand, and the emotions an 
the appetites on the other. ++ The early Phenomena of alcoholic in- 
toxication usually wear an appearance at first sight much resembling 
excitement. But on analyzing the Symptoms we are at no loss to perceive 
that it is the emotional and appetitive part of the mind which is in action; 


while the intellect, on the contrary, is directly enfeebled. There is no 
exception to this rule, that in Proportion to the degree in which the lower 


actions and words of 2 
does he display. It is at 
the passions is due, not 
al of the check ordinarily 

imposed by reason and will. . i 
The simplest explanation ma the Supposition that, in the 
absence of any extraordinary circumstances, the apparent exaliation: of 
certain faculties should be ascribed rather to the removal of controlling 
influences, than to positive Stimulation of the faculties themselves, or of 
the physical machinery by which they work, | |, Somethin of the 
nature of paralysis, though it might be partial, has alwa Sa at to 
me to characterise the action of large doses of opium, . y: ota wank! 


y be found in 
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Seem reasonable to account for the apparent increase of intellectual force, 
and of emotion, on the supposition that other activities are suspended, 
and their interference removed. For that would be a violent and improb- 
able theory which should suggest that one portion of the nervous system 
Was excited, and another paralysed, at the same time and by the same 
agent (Anstie, 1864, pp. 78 ff.). 


, Anstie was impressed by the fact that there is a regular sequence 
in the process of intoxication and recovery, or in the behavioral 
aspects attending the loss of consciousness under chloroform anes- 
thesia, and its gradual recovery during the process of awakening. 


The clue to a right appreciation of the successive phenomena is this: 
that the feelings ordinarily suppressed by voluntary effort, or observed 
y the impressions of actual life, are displayed, by the removal of their 
Customary veils, in the order of their concealment. . . . On the whole, 
We may say of inebriation . . . that its essence consists in the destruction 
of the capacity of the brain for retaining or recalling moral and pruden- 
tial impressions, and also for any kind of continuous intellectual labor; 
and that the apparent excitement of the emotions and desires is, in truth, 
ut the unveiling of the lower part of our nature, which is more or less 
ready, in each of us, to spring into action when the customary checks are 
Temoved (Anstie, 1864, pp. 187 f., 190). 

In short, the analysis of the phenomena produced by the above-named 
narcotics, and by others, would lead us to the conclusion that different 
agents of this class paralyze the brain in different ways, unveiling, in 
Varying order and capricious combination, various antecedent impressions 
Which have been made upon the mind through the brain. That there is 
anything “creative” about this process I cannot believe; notwithstanding 
the Opinion of so able an observer as De Quincey. Whatever may be the 
nature of the dreams which occur in a state of health, a point on which 

express no opinion, it appears to me demonstrable, in the clearest way, 
that the delirium of narcosis, and the delirium seen in various forms of 
isease, is the immediate consequence of the destruction, for the time 
at any rate, of the brain’s capacity for performing some of its highest 
Unctions, Such phenomena universally occur in the midst of a general 
Prostration of the powers of the nervous system, and are strictly com- 
Parable to the similar phenomena which terrify some children, because 

© latter have a weak and imperfectly developed nervous system (Anstie, 


864, pp. 199 £). 


Making some allowance for Victorian moralization, and recog- 
nizing the influence of Plato (whose rider and noble steed had such 
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I think it probable that there is a transitory epileptic paroxysm in every 
case of mental automatism. . . . I am fully aware, and freely admit, that 
Occasionally no signs of a prior fit are discoverable. . . . I believe there 
ìs in such cases, during the paroxysm an internal discharge too slight to 
Cause obvious external effects, but strong enough to put out of use for a 
time more or less of the highest nervous centers. The mental automatism 
results, I consider, from over-action of lower nervous centers, because 
the highest or controlling centers have been thus put out of use. . . . In 
other words, there is (1) loss of control permitting (2) increased auto- 
matic action (Jackson, 1958, I, p. 122 £). 


This insight has evidently been gained with the help of Anstie, for 
to this Passage Jackson adds the following footnote: “This principle 
of 9ver-action of lower centers as a consequence of loss of control 

Tom inaction of higher centers was stated by Anstie in his Stimu- 
nts and Narcotics.” 

In 1884, in his famous Croonian lectures, Jackson brought the 
two principles of encephalization and released function together in 
à single picture. After acknowledging his debt both to Spencer and 
to Anstie, he said: 


The doctrine of evolution implies the passage from the most organized 
to the least organized, or, in other terms, from the most general to the 
Most special, Roughly, we say that there is a gradual “adding on" of the 
more and more special, a continual adding on of new organizations. But 
this 'adding on" is at the same time a "keeping down." The higher nerv- 
Sus arrangements evolved out of the lower keep down those lower, just 
as a Bovernment evolved out of a nation controls as well as directs that 
nation, If this be a process of evolution, then the reverse process of 
“ssolution is not only a “taking off” of the higher, but it is at the same 
time a “letting go” of the lower. . . . Another way of stating the general 
Principle involved (Anstie’s principle), is that the over-activity in epileptic 
ania and in the other cases mentioned, is not caused, but is permitted; 
oa Cutting across the pneumogastric, the heart is not caused to go faster, 
but is permitted to go faster. In other words, the lower level of evolution 
‘Snot “goaded into activity,” but is "let go” (Jackson, 1958, II, p. 58 £.). 


That Jackson’s interpretation was correct in its essentials is at- 
Sted by modern authorities (Gastaut and Fischer-Williams, 1959). 
Ut Anstie’s principle has immensely broader implications. Just as 
Schenoy boldly sketched the outlines for an objective psychology 


te 


CO 
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of the higher thought processes, so Anstie provided the foundation 
for our contemporary understanding of the evocation of instinctive 
and emotional behavior in man and animals. Coping with different 
problems, working and thinking in very different ways, each hit 


upon the fact that inhibition is an essential key to the understanding 
of behavior, 


EVIDENCE ACCUMULATES 3 


This chapter will summarize varying aspects of the research and 
discussion on the subject of inhibition for about forty years follow- 
Ing the pioneering contributions of Sechenov and Anstie, including 
the Opening years of the twentieth century and the appearance of 
herrington’s monumental monograph on The Integrative Action 
of the Nervous System. The chapter will be somewhat discontinu- 
ous, because a full sequential account of the conflicting trends would 
e too voluminous. [Historical reviews of inhibition include those 
by Meltzer (1899), Hering (1902), and Howell (1925)]. 
he interest stirred by Sechenov's paper led to a great deal of 
eXperimental and theoretical activity. Other instances of inhibi- 
tion were discovered; but these at first concerned mostly visceral 
Processes, where it could be demonstrated that the inhibitory in- 
nervation was carried by peripheral nerves belonging to the auto- 
nomic nervous system. An exception was Goltzs demonstration 
(1869) that a pinch on the leg would inhibit the croak reflex in the 
€cerebrate frog—a reflex which could otherwise be produced with 
Such unfailing certainty by a gentle stroke on the back that Goltz 
Playfully offered to provide a chorus of frogs for any performance 
of Aristophanes’ play, and to guarantee that they would all croak 
2 unison at exactly the right moments. 
The doctrine of inhibitory centers, as proposed by Sechenov, 
Was not popular, and became less so as time passed, even before 
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physiologists began to express dissatisfaction with the concept of 
nervous centers in general. All sorts of efforts were made to find 
other explanations. Although Sechenov had explicitly rejected the 
possibility that there were inhibitory nerves to voluntary muscles, 
analogous to the inhibitory nerves of the viscera, most workers pre- 
ferred “inhibitory nerves” to “inhibitory centers.” However, the 
failure to discover such nerves became another factor encouraging 
the skeptics. When, in 1887, Biedermann found such nerves in the 
crayfish claw, this only added to the confusion, insofar as his dis- 


covery revived the search for nonexisting skeletal inhibitory nerves 
in vertebrates, 
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cept of inhibition as something which takes place within the nerve 
cell. It is an intracellular, rather than an intercellular, theory of 
inhibition. At that time, the nervous system was thought to be a 
reticular system of continuous fibers, with cell bodies occurring here 
and there in the network. Synapses in the central nervous system 
had not yet been postulated, much less discovered. Wundt believed 
that the “work” of the cell was of two kinds, positive and negative. 
Positive work, which released warmth and other energy, including 
excitatory effects, depended on the dissolution of complex mole- 
cules; negative work consisted in the reconstitution of such mole- 
cules. Both processes go on simultaneously in all parts of the cell, 
the first being the basis of excitatory and the second of inhibitory 
effects, However, this inhibition consists merely in an intracellular 
resistance which must be overcome by any outside influence which 
tends to excite the cell, that is, to release its energy through “posi- 
tive molecular work.” 

Wundt’s theory of inhibition was incorporated in the first edition 
of his Grundziige der physiologischen Psychologie (1874), the book 
Which proclaimed the “new science” of physiological psychology. 

ere he pointed out that in most instances of stimulation there is a 
Simultaneous increase of both the excitatory and the inhibitory ef- 
fects, and “The entire process of excitation is therefore dependent 
ES every moment on a mutual interaction of excitation and inhibi- 
Hon,” He also hypothesized that stimuli which reach the central re- 
Blon of a ganglion cell have predominantly inhibitory effects, while 
those reaching the peripheral regions have predominantly excita- 
tory effects. Hence no special apparatus for inhibition and exci- 
tation need be assumed. Wundt’s theory of inhibition played no es- 
Sential part in the early development of his psychological system, 
but We shall see in Chapter 8 that it had an important part to play 
In his later development of that system. 

_ Wundt's intracellular theory of inhibition is in many respects 
Similar to that which was put forward by Hering (1888) in his 
amous address On the Theory of the Processes in Living Sub- 
Stances, At that time, it was generally believed that living proto- 
Plasm consisted of giant molecules which underwent a continuous 
Process of dissolution and reconstitution. Accordingly, Hering postu- 
ated that in all living substances there is an opposition between 
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due to relaxation of this tonus by inhibitory innervation through 
the nervi erigentes, which permits blood to pour into the relaxed 
vessels and distend them. A brief mention of Sechenov’s finding of 
inhibitory centers in the optic lobes of the frog is followed by an 
extended discussion of efforts to establish the existence of cerebral 
inhibitory centers in the higher animals. Brunton mentioned the 
claim of Simonoff (1866) that electrical stimulation of the brain re- 
duced spinal reflexes in dogs—with stimulation of the frontal lobes 
leading to the most marked inhibitory effect—and related this to the 
fact that F errier, in his explorations of the motor effects of faradic 
Stimulation of the brain, obtained no response from stimulation of 
the frontal lobes. He said that he himself tried to duplicate Simo- 
nofl’s work without success, but was still continuing these efforts.* 
On the other hand he related that McKendrick (1874) did have some 
Success in similar experiments, and observed in particular “that 
the Convulsions which occur in pigeons immediately after decapi- 
tation may be arrested by the application of a faradic current to the 
Upper part of the spinal cord.” He also reproduced a clinical note 
Y Crichton Browne, reporting the case of a patient suffering 
rom encephalitis. Browne first noted that “Tickling the soles of the 
wet and pricking the toes produced no movement whatever. This 
1S à most interesting observation. It seems to prove that nerve cur- 
Tents set in motion by irritation of the brain or of some of its con- 
Volutions transmitted down the cord may inhibit reflex action.” Then 
a few days later, after unconsciousness had set in, “reflex action as 
determined by pricking and pinching returned. After death the 
rain was found disorganised by erysipelatous changes.” Brunton 
Commented that “In this case excessive inhibition seems to have 
een produced by excitement of the cerebral centres through in- 
?mmation and to have ceased when these centres became dis- 
Organised.” 
Based on his review of the literature, Brunton argued that in- 
ibitory centers such as those which Sechenov found in the brain 
! Siminoff’s technique is of considerable interest, because it comes so close 
s © modem technique of implanted electrodes. api Ay tye sal 
Ing needles through the skull, and in order to be able to do this wit 
fase, he did most of his work with dogs less than one month old. Then he 


attached wires to the needles, which, he says, were sufficiently secure so 
at they generally did not move during the experiment. 


44 


at 
: he found it necessary to assume en 
the effect of the higher centers is often to inhibit the lower 


ion 
of inhibition already given, we have seen the dee 
Y and involuntary, and of glands arrested by th he 
» but there is another kind of inhibition no less importe 
be termed inhibition of inhibition, 


we have hitherto been considering. At present ues 
getting as involved as the pes 
icycles became heaped upon cy iy 
to nerve centres, And yet, nee 

at present a useful purpose, and m2 
give us real aid until a better is disc: 


overed (Brunton, 1874, p. 203). 
This is in fact a £4; i 


or 
SMerent nerves, and the vaso-mot 


s the dilatation of p 
whose Spinal cord has been divided, may 
at once stopped and the organ restored to its no 
ing the foot of the ani 


imal or irritatin the sc d 1 ion by & 
faradic current (Brunton, 1874, p, 905 £). totum or anal reg 


Perhaps Brunton expected his 
wit. 


é Victorian readers to recognize 
ithout reminder that Sometimes i 


in the human, with spinal cord 


Evidence Accumulates » 


undivided, cerebral inhibitions might effect the disinhibitory loss 
of penile erection. At any rate, some pages later he went on to say: 


The effect of a stimulus arising from the periphery of the body, and 
acting upon a nerve centre, may be inhibited by a stimulus from the 
ideational centres, Thus the sobs and tears which naturally follow a fall 
or blow in a child a few years old will often be stopped by the idea that 
tears are unmanly. . . . But the stimulus arising from the ideational 
rentre probably does not act directly on the motor and emotional centres, 

ut only through the medium of some inhibitory apparatus. If this be so, 

€ nature of the actions performed by any individual on the application 
Of a stimulus to the periphery . . . will depend to a considerable extent 
on the development and power of the inhibitory apparatus through which 
one centre may influence another (Brunton, 1874, p. 219). 


This temarkable article ends with a brief discussion of the ef- 
fects of various drugs, including alcohol, nicotine, hashish, etc., on 
the inhibitory centers. Brunton gives special attention to the fact 
that the same drug frequently has opposite effects in small and large 

Oses, and he ends with this prophetic statement: “It is not im- 
Possible that we may be able at some future period so to employ 
Temedies as to alter for the better the moral character of indi- 
Viduals, and greatly diminish the prevalence of crime.” 

eliance on nerve “centers” became less and less popular as time 
Passed, and before long Brunton (1883) abandoned his Ptolemaic 
S cory for what he thought to be a more parsimonious explanation. 
© offered a theory of the same general type as that which had first 
“en suggested by Cyon, one in which inhibition is to be regarded 
> ^ result of interference between different sets of nerve impulses. 
© started out from a fact already noted in the earlier article, that in 
.* phenomenon of tickling there is convulsive response to very 
light tactile stimulation, but that this violent response can be im- 
Mediately inhibited by a firm contact, that is (as he viewed it), by 
More intense stimulation of the same kind. Hence, he argued, it is 
neither the amount nor the kind of excitation which is decisive, but 
something about the relationship among excitatory impulses. He 
"Und a further clue in the effects of drugs, and specifically in the 
Teversal of the effect which may be observed when a dose is in- 
creased, He hypothesized that the influence of a drug is usually 
to slow the transmission of the nerve impulse, without stopping it, 
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and if this causes an inhibitory rather than an excitatory outcome 
it is probably due to a change in the temporal relationship of nd 
pulses arriving at given centers. He emphasized that nerve = 
pulses probably travel at different speeds in different fibers, d 
hence any condition Which influences the rate of conduction un 
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Various experimental and pathological data for localizing in these the 
Centers of inhibition, the physiological substrata of this psychological 
faculty. It has already been shown that electrical irritation of the antero- 
frontal lobes causes no motor manifestations, a fact which, though a 
negative one, is consistent with the view that, though not actually motor, 
they are inhibitory-motor, and expend their energy in inducing internal 
changes in the centers of actual motor execution (Ferrier, 1876, p. 287 f.). 


Ultimately a crowbar thrust through the brain of an unschooled 
laborer, and Lashley's more orderly ablations of cerebral cortex 
In university-trained rats, provided some of the most persuasive data 
Which led to abandonment of Ferrier's hypothesis. More recently, 
it has been found that prefrontal surgery does interfere with the 
Performance of delayed response tasks (e.g., Weiskrantz et al., 1960) 
and so we are wondering once again whether there may not be 
much truth in Ferrier's argument that the prefrontal lobes are es- 
Sential for some of the higher intellectual functions, because they 
are the seat of important inhibitory capacities. 

Possibly the most important single contribution to the experi- 
Mental literature of inhibition, in the period between the work 
ot Sechenov and that of Sherrington, was the demonstration of 
Cortical inhibition by Bubnoff and Heidenhain, in 1881. At the 

niversity of Breslau, in Silesia, close to the border of Russian 

oland, the distinguished German physiologist Rudolf Heidenhain 
nad a steady Seat of Russian students. One of these was Weden- 
Sy, of whom anon. Another was to be Pavlov. Between these came 

ubnoff, whom we remember only as a name linked with Heiden- 
Yai's in this important study. 

The problem with which Bubnoff and Heidenhain were immedi- 
ately concerned was not inhibition, but the physiological nature 
of hypnosis.? They wanted to produce in their experimental animals 
the kind of cerebral depression which they thought must be charac- 
teristic of the hypnotic state, and they thought that they had suc- 
ceeded in doing this by putting their dogs under morphine narcosis. 

eir electrical procedure consisted in recording movements of the 


* G. Stanley Hall 1923) tells the following anecdote of his student days in 
Germany; “There was eth interest in hypnotism and I visited Breslau to see 


leidenhain's remarkable methods and results. At one time he passed down a 
line of Soldiers giving each a glass marble to hold up n gaze "i in a fixed 
Way, as the result of which nearly a third became more or less cataleptic. 
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external impressions which evoke them. [That is, we would be troubled 
bya confusing medley of positive after-images.] ; 

This consideration leads to the conception that in central activity there 
must be, along with the process which we call excitation, another process 
to be reckoned with, which works to dampen the excitation that has been 
begun (Bubnoff & Heidenhain, 1881, p. 188). 


Thus Bubnoff and Heidenhain introduced a new motif into the 
iscussions of inhibition, by recognizing the necessity for a braking 
Process in the brain, not merely to serve the execution of voluntary 
Cessation of movement or suppression of tendencies to movement, 
but in order to permit efficient performance of movements gen- 
erally, and also to permit a proper succession of perceptual images 
Without undue interference from one to the next. They reasoned 
that the effect of morphine was to upset the normal relationship be- 
een the excitatory and inhibitory processes, to the disadvantage 
Of the latter, and this resulted in abnormally prolonged responses, 
tonic rather than phasic contractions. They pointed out that this 
ran explain why there is an increased tendency to epileptic seizures, 
tom the spreading of cortical excitation, under narcosis, With re- 
Spect to hypnosis, the problem on which they started, they con- 
cluded that hypnotic phenomena are probably dependent on an 
enormous sinking” of the inhibitory processes which normally ac- 
company central excitations. They were quite positive about the 
fact that the inhibitory process is definitely antiexcitatory, and not 
Merely a cessation of the excitatory process. This deduction, that 
every cortical excitation tends to arouse a local inhibitory process 
which has the function of limiting the excitation, we shall in later 
iscussions refer to as Bubnoff and Heidenhain’s principle, or more 
tiefly, as Heidenhain’s principle. 
n this same series of experiments, Bubnoff and Heidenhain also 
Observed the phenomenon of cortical facilitation. They reported 
at "in a certain stage of morphine narcosis, a subliminal stimulus 
Which would be ineffective by itself, has a powerful effect if just 
efore its application to the motor apparatus there is a very light 
tactile stimulation of the skin of certain body parts.” To perform this 
©xperiment, the minimal cortical stimulus requisite for a motor re- 
Sponse is first determined, while the animal is sleeping quietly, and 
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the inductorium is adjusted to give a lower, bp cosa 
The paw is then stroked lightly and, allowing sufficient baci, 
avoid any summation effect, the previously subliminal coy of 
stimulus is then applied, and found to be effective. mination o 
the belly or chest on the same side as the paw have a similar, 


3 od 
weaker effect; peripheral stimulation on the other side of the b Dr 
is without effect. 


Essentially the same f 


; en 
acilitation phenomenon which had be 
described by Bubnoff an 


d Heidenhain was again described in lo: 
same journal, in the following year, by Sigmund Exner. sighing 
Exner (1882) not only described the phenomenon, but also gave H 
a catching name. He thought of the facilitating stimulus as som 
how lowering the threshold of excit 
“opening the road” or “smoothing t} 
low. The German language offers 
concept: Bahnung. The word cau 
current in the physiological liter: 
wonders whether more mode 
engendered by two major w: 
fact that it has given way, 
colorful facilitation, 


ability for the reflex path, pi 
he way" for the stimulus to ee 
a single expressive word for e 
£ht on, and for a long time iie 
ature of every language. Indeed, ne 
m thinking, or the awe 
ars has been more responsible for us 
in French and in English, to the les 


ions. The momentary state r 
ich of the two antagonistic © 
Spect to it.” These lines were written 
treatise in which he also dis- 
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this preliminary facilitation was compared. To their surprise, they 
discovered that if the signal for hand-clenching preceded the tap 
on the tendon by more than about four-tenths of a second, the re- 
flex response was diminished rather than increased. This finding 
and others of the same general sort encouraged some physiologists 
to believe that inhibition and facilitation were essentially the same 
Phenomenon, the difference depending only on very fine differences 
in the timing of nervous impulses at points of confluence in the nerv- 
ous System. 

Wedensky, the student of both Sechenov and Heidenhain, suc- 
ceeded to the chair which Sechenov resigned in protest against an 
act of anti-Semitism, and became himself the founder of what is 
now generally designated in Russia as the Wedensky-Ukhtomsky 
school. He is probably the outstanding example of a physiologist 
Who saw in inhibition not merely an important problem, but the 
central problem of physiological theory. His contributions to the 
Subject range over a long period of years. The demonstration of 
Wedensky inhibition" was first performed in 1886, but the defini- 
tive statement of his views, on which the following account is 
largely based, is the monograph Excitation, Inhibition, and Narcosis 
(1903), f 

Wedensky's important early contributions were based on an in- 
Benious use of the telephone, itself one of the new wonders of the 
age. It was not yet possible to record a rapid succession of nerve 
"mpulses, but Wedensky found that if he “listened in" on the nerve's 
activity, it was easy to distinguish between the steady note of a 

ealthily functioning nerve whose rate of discharge kept pace with 
the thythm of the inductorium being used to stimulate it, and the 
"Tegular noise of a nerve in which the conduction of excitation 
could not be maintained at this frequency. Others before him had 
Boticed that although a narcotized section of nerve was not directly 
stimulable, it might nevertheless transmit an excitation which had 

cen initiated in a healthy sector of nerve. Conduction in the nerve 
Was studied indirectly, by observing the contractions in a nerve- 
Muscle Preparation, and by this method it appeared that the nerve’s 
ability to conduct was not gradually reduced, but was extinguished 
Suddenly and completely as the narcosis took effect. Wedensky 
Confirmed these results, but he also used his telephone technique 
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to detect activity in the final stretch of nerve, following the nar- 
cotized sector. He discovered that before the narcotized sector 
ceased to conduct excitation, as evidenced by failure of the muscle 
to contract, it passed through a transitional stage of defective con- 
duction. As long as the nerve was capable of following the fre- 
quency of stimulation from the inductorium, the action current pass- 
ing through Wedensky’s earphones gave a clear musical tone, but 
when it could no longer maintain that frequency, the tone was re- 
placed by a “hollow sound,” accompanied by confused noises. In- 
vestigating further, Wedensky discovered that this transitional stage 
was followed by a “paradoxical stage” of deeper narcotization, in 
which the nerve was capable of transmitting weak excitations, al- 
though strong excitations were blocked by the narcosis. This fact 
had escaped the attention of previous investigators, because it had 
been the regular practice to use only the minimal stimulus which 
was needed to produce a response, Furthermore, at a time when 
the narcotized sector was still stimulable, as evidenced by tonic 
contraction of the muscle to steady stimulation, the introduction 
of an additional stimulation at an earlier point caused a reduction 
in the strength of the muscular contraction, that 

In seeking an explanation f 
that he could bring about the 


condition, and one which might be brought 
ferent forms of stimul 
of preventing response to other stimulation, including that which 
would ordinarily evoke Propagating excitation, that ls, a nervous 
discharge. In other words, the parabiotic tissue cannot respond, be- 
tation, but since this excited 
ourse does not lead to a mus- 
nerve to follow the rhythm of 


Stage is considered to be due 
to interference between the newly ivi 


local, "hidden" excitation already taki 
(narcotized) sector. This description of 
bid state is in contrast to the Hering-Ga 


about by many dif- 
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the inhibitory state as a mor- 
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inhibition as a restorative or assimilative phase in the nerve's 
metabolism. 

Wedensky felt that he had proved his theory when he could 
produce a like effect by the use of stimulation alone, without the 
use of a narcotic. This can be done by stimulating a single nerve 
fiber with two electrodes, at different points. The first impulse is 
given by the peripheral electrode, that is, the one nearer the muscle, 
and results in an initial twitch. The first impulse from the central 
electrode is timed to fall in the relative refractory phase of the 
nerve, which follows that first effective discharge. This second, cen- 
tral impulse is therefore able to produce an abortive, but not an 
effective excitation; without evoking any response of the muscle, 
it does renew the refractory phase of the nerve. If the rhythm of 
stimulation from both electrodes is such that each successive shock 
from one falls within the relative refractory phase produced by the 
Previous shock from the other, the effect is to maintain the state 
of parabiosis, This phenomenon has come to be called “Wedensky 
inhibition.” It leads Wedensky to this conclusion: “It is possible 
to regard inhibition as a narcosis which is evoked by purely physio- 
egical factors-by arriving impulses—and one which therefore 

‘Sappears immediately when they are removed.” He defined the 
unctiona] lability of tissues as their ability to follow the time se- 
ence of stimulation. (In this concept he antedated Lapicque’s 
Notion of chronaxy, and although it is probable that Lapicque de- 
Veloped the idea independently, he did subsequently acknowledge 
that there was every reason for him to have been familiar with an 
article on lability which Wedensky had published in a French 
Ournal,) Wedensky emphasized that the nerve cell and the terminal 
apparatus have lower lability than the nerve fiber, and it is there- 
Ore relatively easy to induce parabiosis at one of those points, by 
à frequency of stimulation beyond that to which they can suc- 
Cessfully respond. 

At the Third International Congress of Psychology, Wedensky 
(1897) described contralateral motor inhibition in the frog. He 
Stated that when motor points were stimulated simultaneously in 
oth hemispheres, the stimulation of the point for flexion of a given 
imb in one hemisphere would raise the threshold for the correspond- 


ing point, and lower the threshold for the antagonist, in the opposite 
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hemisphere. Later, Hering (the younger) and Sherrington (1897) 
described the same phenomenon in the monkey, without reference 
to Wedensky's work—an oversight for which Wedensky subst 
quently chided them because, he said, Hering had been present lis- 
tening to his report in Munich. 

Wedensky's work gave added impetus to the movement away 
from reliance on special inhibitory nerves? and inhibitory centers, 
in favor of the explanation of inhibition as à general process which 
might occur in any nerve cell. Lucas (1911) attempted to formulate 

` a general theory of inhibition based upon it, in which he tried to 
explain all inhibition as an aspect of the refractory phase. How- 
ever, he abandoned this theory when the all-or-none character of 
the nerve impulse under normal conditions was shown (1917). Most 
physiologists outside of Russia have long been disposed to dismiss 
Wedensky inhibition as a curious artifact which is unrelated to the 
in behavior. For the Wedensky- 
a basic theoretical principle of 
t is possible that the readiness of 
ncluding Pavlov, to acknowledge 
argely a result of the prominence 
and his followers. Pavlov's designa- 
aparadoxical" states reflects Weden- 
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"every nerve center is normally subject to inhibitory influence im- 
posed upon it from without,” since otherwise a center once stimu- 
lated would continue to discharge without stop. While this may 

€ an overstatement, it is certainly true, as Bubnoff and Heidenhain 
had already surmised and as Sherrington was to demonstrate, that 
efficient motor control is dependent on inhibitory limitation of the 
after-discharge from excited cells. But whereas Bubnoff and Heiden- 
hain had pointed to the need of a local inhibitory process, perhaps 
arising from the cell's own characteristics, Mercier considered that 
this influence would be exercised at every level by higher centers. 
When Cattell objected to the apparent endlessness of this chain, 
Mercier added that the highest centers would be subject to the 
inhibitory effects from the general mass of cells surrounding them. 

S one illustration of the need for inhibition, he spoke of the con- 
Usion which would result from an endless stream of orders given 
Y an officer to his subordinates, each new order being issued be- 
fore the previous order could be carried out. The aptness of this 
illustration has since been shown by the example of Klüver's (1933) 
Monkey, its inhibitory capacity reduced by bilateral prefrontal 
o ectomy, accepting one grape after another as it was offered, 
and dropping each as the next was offered, without ever getting any 
8'apes into its mouth. 

William James, about the same time, reached a similar con- 
CUusion, He said that "in a nervous system ideally reduced to the 
Swest possible terms," any muscular contraction would be self- 
maintaining. Hence, *we should all be cataleptics and never stop a 
Muscular contraction once begun, were it not that other processes 
simultaneously going on inhibit the contraction. Inhibition is there- 
Ore not an occasional accident; it is an essential and unremitting 
element of our cerebral life” (1890, II, p. 583). James mentions the 
voincidence of this conclusion with that which had been reached by 

ercier, “by a different path of reasoning.” 

James then developed in some detail the idea of neural drainage 
as the basis for learning, concluding with the illustrative explana- 
tion of how the burnt child learns to avoid the flame: “S2 [the burn], 
having been stimulated immediately after S1 [the sight of the 
3me], drained the latter, and now S! discharges into S? before the 
ischarge of M1 [grasping] has had time to occur. . . . The result 
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is an inhibition of M!, or an overtaking of it before it is completed, 
by M? [withdrawing].” . 

An interesting footnote underscores the essential role of inhibi- 
tion in the learning process as thus conceived: "This brain-scheme 
seems oddly enough to give a certain basis of reality to those hide- 
ously fabulous performances of the Herbartian Vorstellungen. Her- 
bart says that when one idea is inhibited by another it fuses with 
that other and thereafter helps it to ascend into consciousness. In- 
hibition is thus the basis of association in both schemes, for the 
‘draining’ of which the text speaks is tantamount to an inhibition 
of the activity of the cells which are drained, which inhibition 
makes the inhibited revive the inhibiter on later occasions" (1890, 
II, p. 585). 

This drainage theory was subsequently elaborated by William 
McDougall (1903, 1905). McDougall emphasized that "Inhibition 
appears always as the negative or complementary result of a process 
of increased. excitation in some other part. This fact suggests that 
inhibition is essentially the result of a competition, and many psy" 
chologists have given expression to this conception in some such 
vague phrase as: The mind has only a limited quantity of energy» 
which will not suffice for the simultaneous maintenance of two men- 
tal processes" (1903). McDougall defined the energy available to 
nerve cells as neurin, and hypothesized that all nerve cells draw 
upon one common source of such energy, which is constantly being 
generated by the afferent neurons, and is seeking “escape by the 
paths of least resistance into motor neurons, and so into the 
muscles, The higher-level paths are brought into activity only when 
the store of neurin attains a certain potential or head of pressure, 
which degree of pressure is an essential condition of attentive con- 
sciousness. And only one of these higher-level paths can be active 
at any one moment, because any one of them is capable of carrying 
off the whole surplus of neurin; when, then, any combination © 
causes reduces the resistance of any other path to a lower point than 
that of the path active at any moment, the current shifts from one tO 
the other, just as the opening of a new and shorter channel causes 
the stream to flow wholly in the new channel, leaving in the ol 
river bed only stagnant pools of water” (1903). 


McDougall’s drainage theory was never seriously regarded by 
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physiologists, although the psychologist Flugel (1933) has called it 
almost beyond doubt, the most successful neurological theory that 
has ever been propounded.” McDougall himself applied it, as Flugel 
states, “to a great variety of phenomena at all levels of the nervous 
system: the reciprocal inhibitions of the spinal level, inhibitions on 
the sensory level . . . , the mutual inhibitions of instincts, and 
finally many well-known features of the ‘attention process.’ The 
theory seems to fit admirably, too, with the ‘displacement’ and 'sub- 
limation' doctrines of the psychoanalysts and also (as McDougall 
himself has pointed out . . .) with the phenomenon of the condi- 
tioned reflex as demonstrated by Pavlov.” This last is least sur- 
prising, since it took its start, as we have noted, from a Jamesian 
theory of sensori-motor associative learning. For all this breadth 
of application, it is certainly no more than a superficially successful 
analogy, having little relation to the true nature of nervous activity. 

It would be an error to suppose, from this incomplete survey of 
positive experimental findings and theoretical speculation, that 
there must have been at least a growing conviction among physiolo- 
gists in general that inhibition was a real and important phenome- 
non, which would have to be dealt with directly before we could 
have any adequate understanding of the nervous control of behavior. 
It is well to remember that at all times the skeptical detractors were 
more numerous, and never lacking in prestige. We shall offer only a 
small sample of these negative opinions. . 

Perhaps the commonest interpretation was in j 
fatigue of nerve centers. One eminent advocate of this theory wa 
Goltz, who showed that a decerebrate frog would never ie 
spontaneously, would do so unfailingly if gently stroked on its * , 
but could be inhibited from doing so by any strong stimulus es de 
strong pressure on a foot; he explained the inhibition as probably 
due to the fact that the centers involved in the reflex were fatigued 
by the intense stimulation thus provided (1869). E 

In 1877, George Henry Lewes doubtless expressed a majority 
opinion when he dismissed the notion of inhibition in his book, 
The Physical Basis of Mind, in this manner: The Law of — * 
only another aspect of the Law of Discharge, and may be regar e 
as the conflict of excitations.” He ridiculed the notion of specia 
inhibitory centers: "Indeed, if the action of arrest be, as I maintain, 


terms of presumed 
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only another aspect of the action of discharge, the result of the 
conflict of forces, to say that all centers have the property of excita- 
tion, is to say that all have the properties of discharge and arrest: 
the discharge is only the resultant of the conflict along the line of 
least resistance, the arrest is the result of the conflict along the line 
of greatest resistance.” 

Another rather interesting skeptical note was contributed a few 
years later, by Alexander James (1881). He replicated a portion of 
Sechenov's experiment, with refinement of technique which per- 
mitted him to confirm that when the brain stem had been transected 
at the optic lobes, the frog would not only kick faster, but also 
stronger. But he could not accept the doctrine of inhibitory centers 
as a plausible explanation, and offered instead a "concentration 
theory"—that the increased intensity of reflex contraction in the de- 
cerebrate frog is simply a consequence of "the mechanical effect of 
the prevention of passage of nerve force to the optic lobes and 
cerebrum." To support his argument, James pointed out that the 
phenomena of hypnotism “have been explained as being due to a 
like concentration and consequent intensification of nervous force.” 
Even the concentration of attention in study, and the elimination 
of waste motion in learning to walk, were offered as examples of the 
effect of concentrating nervous force. In the intact animal, he says; 
"the effects of a peripheral stimulus are carried in part to the motor 
centers in the cord and in part to the brain, in the former resulting 
in motion, in the latter in sensation. In the decapitated animal, on 
the other hand, the nerve channels leading to the brain are cut 
out, and hence the effects of à peripheral stimulus are manifested in 
motion alone." This is the argument advanced not long before by Fer- 
rier, turned to another purpose. Where Ferrier had said that the 
inhibition of movement facilitates thinking, because the nervous 
energy is not dissipated in motor channels, Alexander James says 
that the physical removal of the brain will facilitate spinal reflexes; 
because the nervous energy can no longer be diffused into those all 
too numerous cerebral pathways. Perhaps neither had advanced 
very far beyond Erasmus Darwin, who thought that the irritative 
motions might waste themselves by “simply subsiding.” 


The painstaking work reported by Bub ff and Heidenhain 
(1881) was dismissed by Mu mds ea 


nk (1890) on the grounds that all such 
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inhibitory effects are really due either to fatigue of the nerve ele- 
ments involved, or to opposing action of the antagonistic muscles. 
The latter argument was based on work done by his student Schlós- 
ser (1880), who had found that when pain inhibited Goltz’s croak re- 
flex in frogs, there was an accompanying constriction of the vocal 
apparatus. Munk even argued that the early domination of reflexes 
18 Overcome in the mature organism because we learn to check the 
reflex movements by innervation of their antagonists. Heidenhain 
(1881) admitted that some reflexes, such as coughs or sneezes, may 
checked in this manner, but if this were the general mechanism of 
reflex inhibition it would show itself in a general increase of muscu- 
&àr tension, which is not the case. He also pointed to the fact that 
It is Possible to achieve a voluntary relaxation of the involuntary 
tonus of postural and facial muscles, and in these cases there can be 
NO question of antagonistic muscles.” This controversy is now 
obsolete (although Beritov in 1948 was still citing Schlósser's work 
to the same purpose!), but it expresses a perennial attitude which 
I5 still with us. the view that the inhibition of one act can always 
e regarded as equivalent to the excitation of an opposite tendency. 
na later chapter, in a discussion of conflict, we shall try to show 

at it is essential from a psychological point of view to distinguish 
on .conflictful behavior, in which there is real interference 
sible © divergent response tendencies, and the selection of one pos- 
of © response by the exclusion of other responses through a process 

Conflictless inhibition. 
see aller (1892) expressed the opinion that since there did not 

em to be any inhibitory nerves to skeletal vertebrate muscles, it 
Was Still “premature and hazardous” to extend the notion of in- 

ition to the voluntary control of those motions. 

Soury (1899) devoted an immense tome of almost 2000 quarto 

Pages to the central nervous system. In it he declared that “every 


acti : > 
ction of arrest is basically nothing but an action of retardation, 


a à 
nd this effect of retardation does not derive from a special func- 
t of the pretended inhibitory 


I ks nervous system, such as tha 
Eangli > but from the passage of a nervous current across ws 
Tes Sia or nuclear relays.” Specifically, he stated that the lack o 
Ems from electrical stimulation of the prefrontal area is merely 

€ to the fact that the effects are remote, “always more or less 
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slowed up by the number and above all by the complexity of the 
nuclear relays which are interposed, more or less realizing the physi- 
ological conditions of what is called arrest or inhibition, which is 
basically nothing but retardation.” i 

Jacques Loeb, the paragon of hard-headed thinkers, necessarily 
rejected the concept of inhibition in his Comparative Physiology of 
the Brain (1900), because it did not fit his schematic theoreti- 
cal view of the nervous system as organized entirely on a segmental 
basis, with the nervous elements within each segment serving only 
as indifferent conductors for the peripheral organs. He is unwilling 
to recognize any sort of “control” exercised by one segment over 
another. Near one end of the comparative scale, he refuses to ac- 
knowledge that the ceaseless locomotion which follows removal of 
the supraesophageal ganglia in a worm is an indication that these 
ganglia normally exercise an inhibitory influence; he prefers to as- 
sume that this effect is due to an interruption of hypothetical stimu- 
lation from the digestive tract to the motor segments, which ordi- 
narily causes the intact animal to rest. (It is hard to see how this 
hypothesis does more than replace one kind of inhibition with an- 
other.) At the other end of the scale, he is willing to concede to the 
human brain no higher function than associative memory. 

After the discovery of the refractory phase, Verworn (1910) 
changed his mind about inhibition and declared: *Recent investiga- 
tions have established with certainty that these processes of inhibi- 
tion are only very special forms of fatigue and exhaustion processes, 
which consist of momentary developments of a relative refractory 
phase. The ganglia are made refractory by the inhibiting stimulus, 
their excitability is reduced to a certain degree, so that another 
immediately subsequent stimulus has no effect on them.” Then, 
invited to deliver the Silliman Lectures at Yale—that is, to take the 
same platform from which Sherrington, a few years earlier, had 
delivered the memorable talks whose content we shall soon con- 
sider at length—Verworn chose as his topic Irritability (1913). He 
argued that “inhibition is... à relative fatigue, which is condi- 
tioned, as is true of every fatigue, by a lengthening of the refractory 
period following a relative deficiency of oxygen, The processes ° 
inhibition are simply and solely an expression of a refractory period 
persisting as a result of dissimilatory excitating stimuli.” He ex% 
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plained reciprocal inhibition of antagonistic muscles as due to the 
fact that the stimulus which reached one muscle with strength to 
excite it, reached the antagonist in weaker form, and although 
Strong stimuli summate, a series of very weak stimuli brings about 
a refractory state without evoking response. 

In Italy, in 1895, Fano had demonstrated that removal of the 
frontal lobe shortened the reaction time of a leg to faradic stimu- 
ation of the skin, and that electrical stimulation of that area for 
ve minutes prior to the stimulation of the skin would lengthen the 
reaction time. This was in essence a replication of Sechenov's ex- 
Periment at a higher level. Oddi (1895) depressed contractions of the 
Sastrocnemius to direct faradic stimulation of the motor nerve by 
Stimulation of the contralateral pre-frontal lobe. Polimanti, in 1906, 
observed circus movements in dogs as a result of unilateral frontal 
£sions, and attributed them to loss of inhibitory influence. But 
Be oe who reports all these facts in his book The M echanism of 
à rain (1992), and who outdoes Ferrier in attributing important 
intellectual functions to the frontal lobes, is not only unwilling to ac- 
Dowledge that the frontal lobes have a special inhibitory function, 
"t explains all inhibition as merely a subtractive effect from the 
nem raic summing of contrary impulses, or from loss of nervous 

BY which is being consumed in another process. He dismisses 
teounB and Sherrington's results as "due to the fact that the po- 
ntial in the area belonging to the antagonistic group of muscles 
ur n diminished during excitation of the other area." In gen- 

2, "this phenomenon of inhibition may be regarded as regulated 
y Physical laws analogous to those which regulate the flow of 
"quids in closed tubes or electric currents in conducting wires.” 
thou » We see that over and over again, leading physiologists, al- 
Pen they could not question the reality of inhibitory effects, 
rz ed in interpreting them as consequences of fatigue, depletion, 

Interference arising from interactions among excitatory impulses. 
100. Complaint which Meltzer voiced in 1899 is valid for all of the 
fa um period from the first public pronouncement of inhibition, 
1946. ae the epoch-making article by Magoun and = in 
and : The phenomenon of inhibition is distrusted in physiology, 

had to fight on general grounds at every step for the estab- 


li 
Shment of any new fact... . 


» 
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The work of the nineteenth century on the role of inhibition in 
the performance of reflex acts came to a splendid climax in the re- 
search of Sherrington, and the theoretical synthesis achieved by 
him at the beginning of the twentieth. Almost sixty years have 
elapsed since he delivered at Yale the series of lectures on The 
Integrative Action of the Nervous System. There are few compre- 
hensive scientific works of that period which can still be read with 
so much profit, and with so little need for emendation in the light 
of later work. The importance of his contribution to our under- 
standing of the mechanisms of posture and locomotion is universally 
acknowledged. However, the emphasis which he gave to the process 
of inhibition, as a process distinct from excitation, has been ob- 
scured by the use of the phrase “reciprocal innervation"—too often 
read as if it implied no more than reciprocal excitation—to desig- 
nate the manner in which antagonistic reflexes which are coopera- 
tive elements in the same behavior, such as walking or scratching oF 
directing the eye toward a visual stimulus, limit one another. 

Sherrington’s earliest publication, in which he was the junior aus 
thor, was an anatomical description of the brain of one of Goltz’s 
decerebrate dogs. Goltz had succeeded in keeping such animals 
alive for long periods, and his observations of their behavior (in- 
cluding the "sham rage" syndrome, to which we shall return in à 
later chapter) showed that subcerebral mechanisms are adequate not 
only for the basic life processes, but also for a variety of unlearne 
ways of relating to the environment. Another important influence 
on the direction of Sherrington's thought was the statement of the 
neurone theory by Waldeyer in 1891, based largely on Cajal’s work 
only two years earlier. Until then, the delay involved in the trans 
mission of nervous impulses from receptors to effectors, beyond the 
time required for the impulse to traverse an equal length of nerve 
fiber, was thought to be occasioned by resistance within the cel 
bodies. Now it became evident that the delay might occur in the 
gap between the connecting fibers, Sherrington, in 1897, introduced 
the word synapse to designate that gap. 

In The Integrative. Action of the Nervous System, Sherringto? 


showed that the distinguishing features of reflex-arc conduction; 


as contrasted with nerve-trunk conduction, are consequences of the 
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interposition of synapses. Some of the characteristics mentioned by 
im are increased latency, summation of subliminal stimuli, and 
characteristic rhythm. The increased latency of the reflex arc indi- 
Cates that a time-consuming process is taking place at the synapse. 
The fact that a series of stimuli, no one of which is strong enough 
to evoke a response, can summate to effectiveness (a fact first 
demonstrated by Sechenov), shows that the effect of a stimulus 
can somehow be stored up for a brief period of time, which is not 
Possible in the nerve trunk. The phenomenon of summation is es- 
Sential to permit that the reflex are shall have its own characteristic 
thythm, since discharges in the terminal element of the arc need 
not conform to the rhythm of stimulation. However, something 
More than summation is involved in the determination of rhythm, 
9r it is not possible to accelerate the rhythm of scratching, for 
example, by increasing the intensity of stimulation. The rhythm is a 
reflection of the fact that the nervous system is making a choice, 
‘tecting the excitation now into one final path, now into another. 
'errington joins Heidenhain and Mercier in the conclusion that 
5 control cannot take place without an active process of inhibition, 
Which he locates at the synapse. “If resting paths all lie open to 
Conduction, prevention of confusion must depend not on the path 
excited being the only one open for conduction, but on its excitation 
Sing accompanied by inhibition of others that, did they enter into 
action, would detrimentally confuse the issue of events.” 
€rrington describes two important pathological states: decere- 
Tate rigidity and strychnine paralysis. In decerebrate rigidity the 
n rtensorg are tensed, and the flexors relaxed. In a four-footed animal, 
$ corresponds to an exaggeration of the standing posture. It is a 
State which results from the continuous exercise of midbrain in- 
Ditions, when cerebral inhibitions have been eliminated. It con- 
stitutes a standard tonic background for the activity of a waking 
animal, Strychnine rigidity, on the other hand, is a tonic rigidity of 
all skeletal muscles, both extensors and flexors. Sherrington em- 
asized that it cannot result from a general lowering of the thresh- 
of excitation for all of the muscles, because no increase in the 
nsity of stimulation can produce the same result as a very 
a quantity of strychnine. Therefore he infers that strychnine 


inte: 
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somehow converts spinal inhibition into spinal excitation. (We know 
now that it blocks inhibitory synapses, thus permitting excitatory 
innervation of all the muscles at once.) 

The behavior of walking and the behavior of scratching are two 
natively organized patterns of response which employ the same 
muscles in different ways, though both involve reciprocal inner- 
vation of antagonistic muscles. One misses the point of Sherrington’s 
research if one looks at each of these response patterns by itself, as 
consisting of reciprocating reflexes which evoke and inhibit one 
another by turns when some external incitement sets them going: 
What Sherrington demonstrated is, rather, that postural tonus is the 
resultant of the interaction of reciprocating reflexes which are under 
continuous restraint from many sources, and that locomotion on the 
one hand, and scratching on the other, are two of the behaviors 
which can result when those inhibitions are modified appropriately. 
Walking and scratching, as elucidated by Sherrington, are two 
special cases of Anstie’s principle. ae 

Furthermore, the reciprocal simultaneous excitation and inhibi- 
tion of antagonistic muscles is undoubtedly a feature of voluntary 
acts, and not only of unlearned motor patterns. This appears from 
the fact that, at a given stage of narcosis, it is possible to demonstrate 
that stimulation of the motor cortex can lead to muscular relaxation, 
as well as to muscular contraction. (This was shown by Sherringto® 
and Hering, in their experiments with monkeys, in 1897.) The point 
from which the relaxation of a given muscle can be obtained, under 
these conditions, is the same one from which the contraction of the 
antagonistic muscle is ordinarily elicited. In other words, whenever 
muscles are paired as antagonists, the stimulation of a given point 
in the motor cortex leads simultaneously to contraction of one 
muscle of the pair, and to relaxation of the antagonist. Undet 


normal conditions, the contraction is the more prominent effect, but 
in the proper stage of narcosis, the inhibitory effect becomes evi 
dent. 


Nor did Sherrin 
which involves a 
relationships wh 
broadly distribu 


gton limit the application of his results to behavior 
natagonistic muscles, He explicitly stated that the 
ich exist between antagonists only represents ? 
ted but special case “of the general principle © 
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the mutual interaction of reflexes that impinge upon the same 
common path.” He continued: “The same principle extended to the 
Teaction of the great arcs arising in the projicient receptor organs 
of the head . . . operates with more multiplex shifts of the con- 
ductive pattern. Releasing forces acting on the brain from moment 
to moment shut out from activity whole regions of the nervous 
System, as they conversely call vast other regions into play. The 
resultant singleness of action from moment to moment is a keystone 
in the construction of the individual whose unity it is the specific 
office of the nervous system to perfect. The interference of unlike 
reflexes and the alliance of like reflexes in their action upon their 
Common paths seem to lie at the very root of the great psychical 
Process of ‘attention. " 

In thus stating that attention is dependent on cortical inhibition, 
Which serves to "shut out from activity whole regions of the nervous 
System," Sherrington was in agreement with views then being ex- 
Pressed by many psychologists (and those views were in harmony 
With today’s research). But his generalization can be applied still 
More widely, for example, to the use of the hands in manipulation, 
9r of the vocal organs to utter the many sounds of speech. In these 
activities, “multiplex shifts of the conductive pattern” are needed to 
Select not one of two antagonistic responses, but one of literally 
Innumerab]e incompatible response possibilities. 

Perhaps it is permissible at this point to intimate the nature of 
an hypothesis which will engage our attention in later chapters of 
this book: that the most general method of behavioral choice is 
Precisely by the modulation of inhibitions, and not by the excitation 
°F specific acts. The system of brakes in a complex organism is fully 
H Complex as the system of its reaction mechanisms. Long ago Bain 
(1855) wrote, without thought of neural inhibition, that “The nervous 
System may be compared to an organ with bellows constantly 
charged, and ready to be let off in any direction, according to the 
Particular keys that are touched.” Such a mechanism cannot func- 
“on without its stops. The control of behavior is indeed like the 
Playing of an organ—each act, involving many muscles, is like a 
Musical chord which rises with the measured lifting of a coordi- 


ni ^ 
ated set of inhibitory stops. 
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design a machine which, like a living organism, utilizes the same 
effectors to attain different ends under different conditions, one 
will quickly discover that any such mechanism which relies solely 
upon excitatory processes for the instigation of the responses is 
necessarily inefficient, since it must involve wasteful conflict of the 
effector systems. This defect is not present in M. speculatrix, but it 
is symptomatic of the second-class status of the concept of inhibi- 
tion that it receives no mention in Walter's capsule description of 
his machine as “a model of elementary reflex behavior [which] con- 
tains only two functional elements: two receptors, two nerve cells, 
two effectors.” It also contains two relays, for circuit interruption, 
without which it would scarcely be able to behave as intended by 
its maker, that is, to display positive light-seeking behavior and the 
ability to circumvent obstacles which it encounters in this quest. 

Somewhat superficially described, M. speculatrix operates as 
follows. It has one effector which consists of the driving wheels, 
and another effector which is a rotating verticle spindle on which 
both the steering wheel and the light-sensitive cell which serves as 
One of the receptors are mounted. Both effectors are motor driven, 
and the only “excitation” they receive is the current of the batteries 
Sn Which they operate; this current is subject to certain interrup- 
tions. When a weak light enters the photocell, it causes a "transient 
Interruption" of scanning, that is, of the rotation of the spindle on 
Which the photocell is mounted. A strong light causes "steady in- 
hibition" of the scanning operation. Since the steering wheel is 
mounted on the same spindle, pointed in the same direction as the 
photocell, the effect of these inhibitions is to bring the cell gradually 
on beam.” The second receptor is a bumper-ring. Whenever an 
Obstacle is encountered, the movement of the bumper-ring inter- 
Tupts the sensitivity to light. As a result, the machine is no longer 
stimulus-bound, and therefore it can escape the fascination of the 
light toward which it had been moving long enough to effect a 
change of direction. This maneuver will be repeated as often as 
necessary until the obstacle has been circumvented. The responses 
of this light-secking “organism” are not in any sense excited by the 
light or by any other external stimulus. The machine is inwardly 
driven, but it is so constructed that one of its effectors is inhibited 
by one of its receptors; and this inhibition can be inhibited in turn 
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—so that the effector is disinhibited—by stimulation of the other 
receptor. It is the appropriateness of these inhibitions which gives 
direction and an appearance of intelligence to what otherwise would 
be aimless wandering. 

Let us compare the behavior of M. speculatrix with that of a 
paramecium, a living creature which has approach and avoidance 
patterns not unlike those of Walter's model. Its effectors consist of 
the myriad tiny cilia whose steady beat, under nonthreatening cir- 
cumstances, at once propels it through the water and drives a stream 


y keep moving, al- 
(Holmes, 1911). This reaction is 
wool placed in the water, and is 
ce of fatigue. 
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of the paramecium are mutually inhibitory, we shall have to content 
ourselves now with the observation that if such an arrangement 
existed, it would have survival value. 

The one-celled paramecium has a problem, and we have seen 
how a similar problem was solved by M. speculatrix. We must in- 
quire whether nature has followed a similar plan for the coordi- 
nation of receptor and effector mechanisms in complex, differentiated 
organisms, and what part the nervous system plays in such a plan. 
A nervous apparatus is not simply a means for the communication 
of excitations between differentiated receptor and effector cells. One 
Very important function of a nervous apparatus is to provide an 
arrangement whereby, when the same organism has multiple re- 
Sponse potentialities, one of these can be activated without simul- 
taneously activating the others. If the several response systems are 
to be coordinated, and not independent, inhibition is required. 

To illustrate this need, let us look at an example of inhibition in 

uman behavior—an example no less vivid for having been provided 
by G. H. Lewes (1877), who had a wholly skeptical attitude toward 
the concept of neural inhibition. Said Lewes: "The boy when first 
earning to write is unable to prevent the simultaneous motions of 
tongue and legs, which are ludicrously irrelevant to the purpose of 
Writing; but he learns to keep all of his organs in subjection, and 
only the eyes and the hands active." This same need to differentiate 
each response from others of which the organism is capable exists 
1n all behavior, The performance of an unlearned response requires 
hot only that there be a native organization of the necessary exciting 
Pathways, but also that other responses which might be excited by 
the same stimulation be natively inhibited. It is the thesis of this 
Chapter that the necessity for inhibition of this sort underlies the 
evolutionary development out of which came, at last, the ability of 
the English schoolboy to keep his tongue quiet inside his cheek, 
while writing his lesson. With every increase in the organism’s 
Sensitivity to stimulation of any sort, with every increase in the 
effectiveness of the nervous system as an apparatus linking together 
all Parts of the behaving organism, with every increase in the variety 
of behaviors available to the organism, this need for inhibitory 
imitation of responsiveness becomes greater. But the need exists 
tom the very beginnings of such complication, and hence the first 
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steps toward variability in behavior must be accompanied by the 
beginnings of inhibitory control over inappropriate response. 


Inhibition in the Invertebrates. — Koshtoyants (1957) considers that 
the beginnings of inhibition must be recognized in the suppression 
of the functional activity of certain protozoa. As an example, he cites 
the fact that under certain environmental conditions the amoeba 
retracts its pseudopodia and becomes temporarily inexcitable, a 
form of response which appears to be protective. Perhaps a clearer 
example can be taken from the behavior of the stentor, a trumpet- 
shaped protozoan which swims about by ciliary action much like the 
paramecium, but more often attaches itself to some solid object by 
the narrow base of its stalk. If the object to which it is attached is 
lightly jarred, a stentor contracts its body, in what may be assumed 
to be a defensive withdrawal with some survival value. After a few 
such stimulations in fairly close sequence, it fails to contract. This 
loss of irritability after a series of responses is usually interpreted as 
an effect of fatigue, but we should not fail to note that such quick 
fatigue is itself adaptive, for without it the organism might be led, 
by some nondangerous repetitive stimulation, to waste its energies. 
Since the stentor, like the paramecium, is capable of many quick 
reversals of its swimming motion, we must wonder whether this 
“habituation” is to be explained by fatigue in the ordinary sense. 
Whatever its nature, it seems legitimate to regard it as meeting 


something of the need which is to be served later by specialized 
inhibitory structures. 


The coelenterates are radially organized, multicellular organisms 


which have nervous tissue diffusely distributed in a so-called nerve- 


net, between the outer tissue which contains some specialized re- 


ceptor spots and the inner muscular tissue. Hydra is a coelenterate 
which, in form and behavio: 


Y, resembles the protozoan stentor in 
many respects. It usually attaches itself by its pedal stalk, and feeds 


by the action of the tentacles at its free end. If the object to which 
it is attached is tapped, it contracts defensively; but if the tapping 


ntervals, then “sooner or later, in 


, the Hydra slowly expands” (Wagner, 
quoted by Holmes, 1911). It will then usually remain normally 


expanded as long as the intensity of stimulation is not further 
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increased. Thus the original defensive contraction is somehow sup- 
pressed by a process of habituation. It is unlikely that this effect 
is due merely to fatigue induced by the contraction itself, for 
when the intervals between the taps are somewhat longer, hydra 
can contract repeatedly, a fact which indicates that recovery from 
Such fatigue is rapid. If stimulated more intensely, as by direct 
contact of a glass rod, the hydra may bend to one side and change 
its points of attachment, moving to a new location. This is a fairly 
complicated maneuver, probably involving some form of inhibition 
of the defensive contraction, which would be incompatible with it. 
In the flatworms, the nerve-net is replaced by a synaptic system 
Which consists of two nerve cords, with an agglomeration of cells 
forming a cephalic ganglion at the anterior end of each cord, and 
some nervous tissue connecting the two ganglia. Each cephalic 
ganglion is connected with a light-sensitive eyespot on its side of 
the head. The locomotion of the flatworm is bya contractile wave 
Which starts at the anterior end and passes along the length of one 
Side of the body, while another similar wave, which at any given 
Point is in opposite phase, passes similarly down the other side 
of the body. The coordination of these two waves depends on the 
anterior ganglia. If the fibers connecting the ganglia are severed, 
the locomotor process disappears. But if one of the ganglia is then 
removed completely, the wave reappears on the uninjured side. This 
Seems to indicate that the maintenance of the normal rhythm de- 
pends on inhibitory influences between the ganglia. That some in- 
hibitory phenomena are present is indicated by the fact that the 
Tesponse to tactile stimulation of the head region is reversed by the 
application of strychnine.! Moore (1918) found that under normal 
conditions such stimulation causes the body of the worm to shorten, 
Suppressing locomotion; with strychnine, tactile stimulation causes 
the worm’s body to lengthen. It therefore seems highly probable 
that a true synaptic inhibitory process exists in the flatworm. 
McConnell, Jacobson, and Kimble (1959) conditioned flatworms 
to give this shortening response to illumination, using an electric 


1 " * 
At several points in this chapter, in interpreting experimental results, we 


po make use of the finding of Bradley, Easton, and Eccles (1953), that the 
aes “exciting” effect of strychnine results from an interference with Es 
Ocess of synaptic inhibition. The way in which this takes place will be 


eges Of 
Plained in the next chapter. 
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shock as the unconditioned stimulus, They then divided each animal 
approximately in half, fore and aft, and allowed four weeks for 
regeneration. After that long interval, relearning showed that there 
was very considerable and approximately equal retention of the 
habit by both halves. Control animals, first divided and then trained, 
were inferior to the original 


surge: er se did not lead to swifter learning. Intact animals 
ry’ P & 


gesting that the regenerated cephalic ganglia may have had the 
conditioned response “built in." TI 


Tesponse in the planarian." However this may be, it appears to us of 


crucial importance that, as mentioned in the preceding paragraph, 


the participation of Synaptic inhibition in the shortening response of 
the flatworm has been demonstrated. 


The mollusca, including the cl 
have a much more highly develo 
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less activity is one of the symptoms of prefrontal brain injury. How- 
ever, Jordan emphasized that the cerebral ganglion is not exclusively 
inhibitory, but is also the source of excitatory effects. 

Jordan (1929) also described an interesting form of adaptive 
inhibitory response in this snail, which is also mediated by the pedal 
ganglia. Aplysia limacina has large parapodia and a relatively small 
foot, a combination which exposes it to the danger of being swept 
from its hold on the rocks by the strong surf, if the parapodia did 
not instantly relax “like a limp cloth,” as soon as the current of 
moving water stimulates them. If the pedal ganglia are removed, 
this response is eliminated. The same response is not found in 
another species, Aplysia depilans, which inhabits the same surf- 
Washed rocks, but which has a larger foot and smaller parapodia. 

Although both the cerebral ganglion and the pedal ganglia are 
Partly inhibitory and partly excitatory in their functions, Koshto- 
yants (1957) states that work he has done together with Smirnova 
and Popkova indicates that the functions of the visceral ganglion 
are entirely inhibitory. When this ganglion is stimulated in a 
variety of ways, whether mechanically, thermally, or electrically, 
and in varying intensities, the effect is always inhibitory. 

The annelids, or true worms, are segmented animals with a 
ventral nerve chain. There are paired ganglia in each segment 
Posterior to the head region, but the ganglia of several anterior 
Segments merge together into specialized structures. The “brain” 
Consists of a bilobed supraesophageal ganglion in the third segment, 
which is connected by a ring of nervous tissue with the subesophag- 
eal ganglion in the fourth segment, from which the ventral chain 
takes its origin. It is known that the intestine receives both excita- 
tory and inhibitory nerves, the former being adrenergic, the latter 
cholinergic. (That is, different chemical transmitters activate the 
two sets of synapses, as explained in the next chapter.) Locomotion 

€pends on reciprocating action of an internal layer of longitudinal 
muscles and an external layer of annular muscles, plus the grip of 
many tiny setae whose angle of placement is adjusted by the 
muscular activity so that the body can easily slide along the ground 
In the direction of movement, but not in the reverse direction. Be- 
headed, the earthworm and other annelids show the same increased 
tendency to forward locomotion which is characteristic of the snail 
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without its cerebral ganglion or the dog without a cerebrum, Cut 
in half, either part of an annelid is capable of coordinated move- 
ment; hence it is obvious that the supraesophageal and subesophag- 
eal ganglia are not essential for locomotion. As a matter of fact, 
the two halves coordinate with each other if they are loosely con- 
nected with a loop of thread, the posterior part following the 
anterior part under its own power, but contracting in the same 
thythm. Therefore it is evident that intersegmental coordination 
requires no more than the mechanical tug of one segment on the 
next, but this does not mean that the effect is purely excitatory. 
The earthworm is capable of moving backward as well as forward, 
a maneuver which requires that the setae be set differently into the 
ground, and just as mechanical stimulation of the anterior segments 
will check forward movement, so stimulation of the posterior end 
will check a backward movement in progress. 

There are many different kinds of evidence that synaptic integra- 
tion is essential to the earthworm’s coordinated movement. Knowl- 
ton and Moore (1917) found that strychnine prevents locomotion by 
causing both sets of muscles to contract simultaneously, an effect 
which we now understand as due to blocking of normal inhibition. 
Holst (1932) showed that nervous conduction along the ventral cord 
is faster if peripheral nerves have been removed, which points to 
their involvement in some inhibitory feedback. On the basis of 
further experimental analysis, Holst (1933) also contends that each 
segment must contain both a “movement center” and an “inhibitory 
center.” The movement center directly governs the alternating 
phases of the movement cycle, exciting and inhibiting annular and 
longitudinal muscles in turn, but it comes into action only when it 
is released from the control of the inhibitory center, and this re- 
quires disinhibitory stimulation from the adjacent segment. It is 
this trigger action which is provided, in normal locomotion, by the 
tug of the anterior parts. 

The most interesting evidence for inhibition in the earthworm 
comes from its performance in the maze. Yerkes (1912) trained an 
earthworm in a simple T-maze, which offered the alternatives of 
electric shock or the comfort of a dark and mossy bed. When a 
position habit had been formed, the anterior ganglia were removed 
by cutting off the first five segments; the habit was well retained, 


A Comparative Survey 75 


but it disappeared after regeneration of a new head. Thus, what- 
ever was “remembered” by the spinal ganglia was extinguished by 
the activity of the new brain. (It will be recalled that flatworms 
showed retention of conditioning after regeneration of the head 
segments.) Heck (1920) confirmed Yerkes’ findings as to the docility 
of the intact earthworm. He also removed the supraesophageal 
ganglia of several worms, and established that this did not interfere 
with retention of a previously acquired habit, nor with acquisition 
of such a habit before a new ganglion was regenerated. However, 
he remarked that the operated worms gave the impression of “com- 
pletely automatic” movement, and seemed to have lost much of the 
Possibility for variation in behavior. He does not report on results 
after regeneration, nor did he attempt habit reversal in any of the 
Operated animals. The possibility therefore exists that the brain may 
be needed to “unlearn” the habit, even though it is not needed for 
habit acquisition. At least, the “brainless” worm seems less sponta- 
neous. The intact earthworm which is being trained in a T-maze 
shows a fairly strong tendency to various negative movements, such 
as backing up and turning around, and it alternates between left 
and right choices more often than would be expected from chance 
alone (Wayner & Zellner, 1958). These negative movements dis- 
appear when the supraesophageal ganglion is removed, and the al- 
ternation of choices becomes less than might be expected by chance. 
Possibly the supraesophageal ganglion has no part to play in the 

xation of the turning habit, but its presence, and its association 
With the increased sensibility of the anterior tip, introduces a 
degree of response variability which is favorable to learning, and 
also favorable to extinction of learned responses which are no longer 
reinforced, 

Both the anatomy and the physiology of the arthropod nervous 
System were intensively studied by Bethe (1897, 1897-1898), The 
members of this phylum, which includes crustaceans, insects, and 
arachnids, all possess a supraesophageal ganglion, a subesophageal 
ganglion, and a ventral nerve chain. However, associated with the 
development of complex, image-forming eyes and other elaborate 
Sensory structures, the supraesophageal ganglion is differentiated 
Into several parts, which are called the protocerebrum, the deuto- 
cerebrum, and, in the highest forms, a tritocerebrum. Bethe’s be- 
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havioral studies included such varied members of this phylum as 
the crab, crayfish, bee, grasshopper, and water beetle, and they 
brought him to the general conclusion that “the brain of the arthro- 
pods is to be regarded as above all an organ for the inhibition of 
reflexes.” The evidence for this conclusion lay not only in the almost 
invariable tendency of these animals to circular motion when the 
commissure had been cut on only one side, and their “almost con- 
tinuous motion” when deprived of the supraesophageal ganglion, 
but also in the fact that most other reflexes could also be more 
readily evoked, and by stimuli ordinarily inadequate, in specimens 
without the supraesophageal ganglion. The crab, for example, 
would ceaselessly bring objects to its mouth, even pebbles and other 
inedible objects. It was still capable of rejecting these as food, for 
the acts of chewing and swallowing required additional chemical 
stimulation; but when food was in abundance it could not limit its 
eating, and might stuff its stomach literally to the point of bursting. 
When the price of an uncurbed appetite comes so high, the need for 
inhibition is indeed imperative! The annelids, which have nervous 
systems with the same general plan, can get along with very little 
cerebral inhibition because the sensory organs are relatively unde- 
veloped; for the arthropods, with their greatly heightened sensi- 
tivity to environmental stimulation, and more differentiated ways of 
responding, cerebral inhibition has become indispensable. 
Casselli (1899) provided an interesting confirmation of Bethe's 
work by another method. He evoked reflex bending of the lobster's 
tail by electrical stimulation at the spinal level, and was then able 
to inhibit such response by simultaneous electrical stimulation of 
the supraesophageal ganglion. 
_ The death feint of insects can be shown in many cases to be an 
inhibitory effect of central innervation. Koshtoyants (1957) states 
that Schmidt, in 1913, found that in the walking stick, one of the 
phasmids, if the insect is decapitated while in the cataleptic state, 
the catalepsy continues only in that portion of the body which is 
united with the head, while the rest of the body im 
covers its normal reflex activity. In this case, therefore, the death 
feint results from an intensification of the inhibitory influence of the 
cerebral ganglia on the peritoneal nerve chains. That is, not only 
is a steady normal inhibitory influence over locomotion exercised 


mediately re- 
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by the brain, but an additional reserve of inhibitory power, rather 
than a facilitatory innervation is evoked when an intense environ- 
mental stimulation of the head receptors provokes an unusually 
strong discharge to the lower center. In commenting on Schmidt's 
study, Koshtoyants (1957) points out that decapitation does not stop 
the cataleptic state in all insects, and where it does not, the im- 
mobility is generally of shorter duration. In these cases, he says, 
"removal of the head ganglia causes the immobility to appear more 
readily and to last longer.” Here, it would seem, we are dealing with 
a subcerebral source of catalepsy, which is itself moderated by the 
cerebral ganglia. This is true in general of butterflies, in whom 
catalepsy is induced not by intense stimulation of the head receptors, 
but by pressure on the roots of the wings, which are connected to 
lower ganglia. However, Koshtoyants points out, in those butterflies 
In which immobility can be produced by very light pressure at these 
Points, much stronger stimulation is required after removal of the 
head ganglia. This suggests that in those species in which catalepsy 
Is induced only by relatively strong pressure on the roots of the 
Wings, all of the inhibitory effect is produced by peritoneal ganglia, 
Whereas in those in which a very light pressure suffices, the greater 
Part of the inhibitory innervation has been delegated to the cerebral 
ganglia. 

Roeder (1935) studied the sexual behavior of the praying mantis. 

any authors had reported that the voracious female often eats the 
Courting male. Roeder found that the male must indeed approach 
with extreme caution, stalking the females slowly, for if she detects 
him she will seize and devour him. Fortunately, the mantis is not 
unaccustomed to such slow movement, since normally he may re- 
main stationary for hours or even days at a time. If the protocerebral 
Sanglia are removed, the insect becomes “extremely restless” and 
the “slightest stimulus will initiate locomotion which lasts for long 
Periods and leads to extreme fatigue” (Roeder, 1937). The copulatory 
Pattern is inhibited by the subesophageal ganglion, and when this 
1s removed, copulatory movements will go on endlessly, even with- 
Cut contact with the female. When perchance it happens that the 
Tale does fall victim to his intended mate, she invariably eats the 
head first of all, thus removing the subesophageal ganglion. This not 
Only releases the copulatory movement, but also a curious side- 
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ward locomotion which tends to bring the male into copulatory 
position with the female still chewing at his head. By this oddly 
adaptive disinhibition, he atones for his error, not simply with his 
life, but by fulfilling his seminal mission! 

Wagner made extensive studies, summarized by Koshtoyants, of 
inhibition in the learned behavior of bees, For example, if a bee 
is first trained to feed from a card of a given color, A, and is sub- 
sequently retrained to prefer another color, B, we may assume that 
this differentiation involves inhibition of the former preference for 
A. If the bee is then trained to prefer C in preference to B, this dif- 
ferentiation in turn involves the inhibition of the positive response 
to B. However, this has the effect of disinhibiting the response to A, 
so that if the bee is now offered the choice between A and B, A 
will be preferred. The next stage of training is a differentiation be- 
tween C and D, the latter being chosen as positive stimulus. Hence 
C is inhibited, its effect on B is cancelled, and if confronted anew 
with the choice between A and B, the preference is for B. 

A characteristic feature of the arthropods is the presence of in- 
hibitory motor nerves, first discovered by Biedermann (1887, 1888) 
in the claw of the crayfish. The antagonistic muscles in the claws 
of a crab or a lobster consist of a relatively weak “opener” and a 
much stronger “closer,” but each of these muscles receives both ex- 
citatory and inhibitory innervation. Inhibitory innervation has also 
been shown to play a part in the grasshopper's leap, which has been 
carefully studied by Hoyle (1958). He recorded the action current 


in the motor nerves while stimulating the antennae at the tip of the 
abdomen. 


We must suppose that grasshoppers exercise some discrimination 
among stimuli, else the enormous expenditure of energy required for 
their leaps would soon exhaust them. It seems that usually the animal 
decides" to leap; in other words, its jump is not a simple reflex action 
but is controlled by a mechanism of inhibition. . . . Before the animal 
can jump, it must stop walking. The first impulse therefore inhibits the 
slow nerve fiber and puts it out of action. Next it excites the flexor 
muscles to draw the jumping legs into the cocked position, Thirdly, the 
sensory message, combined with others from the brain, acts on the fast 
jumping nerve fiber. The message may restrain this 


Pn AU nerve, saying in 
effect: "Disregard this stimulus; it is irrelevant." 


Or it may warn: "Get 
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ready; if you receive another message like this one, act on it immediately, 
for it is really urgent.” Now, when a second burst of impulses comes, the 
nerve fiber fires immediately. The grasshopper instantly rears up and 
takes off (Hoyle, 1958, p. 32 £). 


In this account, Hoyle explicitly recognizes that the capability of 
giving violent response to slight stimulation would be destructive 
if not joined with inhibitory control. (One may compare this with 
the memorable passage in Lange's History of Materialism (1873- 
1875), which describes the excited “leap” and the long subsequent 
chain of activity released when a merchant, who had been dozing 
comfortably in his armchair, was handed a dispatch reading: Ant- 
werp—Jonas & Co. bankrupt. Doubtless Lange would have been less 
Pessimistic about the possibility of explaining the merchant's “leap 
tom his armchair on purely physical grounds if he had been ac- 
quainted with the phenomena of neural inhibition.) 

The echinoderms, a phylum which includes the sea anemone and 
the Starfish, seem by their radial structure to be more primitive than 
the bilaterally symmetrical annelids and arthropods. However, bio- 
chemically they are more closely related to the vertebrates. Their 
°comotion, too, depends on the reciprocal innervation of two sets of 
musculature, the excitation of one group of muscles being simul- 
taneous with the inhibition of the other group. Scheer (1948), de- 
Sctibing the locomotion of the sand dollar, says that “evidently two 
8toups of motor neurons are involved, one for the ampulla, and the 
Other for the longitudinal muscles of the tube foot. These groups 
have different stimulation thresholds, and excitation of one group 
ust involve simultaneous inhibition of the other.” The tube foot 
13 Hirst pointed in the direction of locomotion, attached, bent through 
an are, disattached, and retracted. Many tube feet perform this 
Stepping pattern in coordination with each other, the coordination 
Sing effected by a nerve ring which possesses a "coordination cen- 
ter” for each of the five rays. 

distinctive pattern which has received a great deal of careful 
y is the righting response of the starfish. When the starfish is 
t side up, now one of the rays, now another, exercises dominance 
Stablishing coordinated locomotion, depending on local condi- 
$ of stimulation. When the starfish is placed on its back, this 
tdination is lost, and the individual rays make rapid movements, 
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as if each were trying to bring its undersurface into contact with the 
ground. A successful righting response requires that two adjacent 
rays continue to pull strongly, but that their activity shall inhibit 
the remaining rays, which are then passively pulled through the 
necessary somersault. Loeb (1900), Moore (1910), and others have 
shown how, when the nerve ring is cut at two or more points, the 
isolated rays continue vigorously active and thus impede the maneu- 
ver. Moore (1918) found that a small dose of strychnine also pre- 
vents the righting response, because all of the rays then arch 
backward simultaneously even in the intact animal. His interpreta- 
tion was that the inhibition had been “converted into an excitation, 
but now we know that the inhibitory innervations were not “re- 
versed,” but selectively blocked. 

Thus the locomotion of many invertebrates depends, as in the 
vertebrates, on alternating excitation and inhibition of opposing 
sets of muscles. It seems that locomotion is never based on the con- 
tinuous action of any effector. It is always a rhythmic response, as in 
the ciliary beat of the paramecium, the alternating contraction and 
relaxation of the umbrella of the jellyfish, the antagonistic action of 
longitudinal and annular muscles in the earthworm, or the antag- 
onism of flexors and extensors in the higher forms with articulated 
limbs. In the more primitive examples, the source of rhythm may 
be something analagous to refractory phase in a pace-setting mech- 
anism. However, as the locomotor apparatus becomes more highly 
developed, and its separate parts achieve a degree of functional 
independence for other purposes, the integrating mechanism must 
also become more elaborate. Therefore in locomotion, which is such 
a prominent part of the animals behavior, we see inhibitory ca- 
pacity progressively developed. However, an equally important 
aspect of that development, but one to which less attention has 
been given, is the increasing role of cerebral inhibition which 
serves to suppress the locomotor response when necessary, in order 
to permit the more effective performance of other responses which 
may or may not involve some effectors of the locomotor system. 

Inhibition in the Vertebrates. The vertebrates (including fish, 
amphibians, reptiles, birds, and mammals) are the principal repre- 
sentatives of the phylum chordata. These animals all have a dorsal 
nerve chain, that is, one which lies above rather than below the di- 
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gestive tract. This central nervous system arises from the ectoderm, 
so that it is embryologically associated with receptor functions, with 
environmental relationships, rather than with effector functions 
as is generally the case in the lower phyla. Starting as a wrinkle 
of ectodermal tissue, its principal structures always remain en- 
closed in a neural tube. The arrangement has evidently been favor- 
able to an increasing degree of cephalization, and hence also to that 
“unity of the organism” which finds its highest expression in primate 
individuality. This unity depends on a system of interrelationships 
Such that conditions which influence the performance of any part 
of the behavioral repertoire will also influence the performance of 
all other parts. It is not difficult to find instances of such interaction 
in organisms at every level of evolution, but it is far from a uni- 
Versal rule of nature. As a universal dictum it is a metaphysical 
delusion, a last stronghold of vitalistic philosophy. Among the more 
complex invertebrates, and especially among the arthropods, sepa- 
Tate parts of the behavioral apparatus seem sometimes to live an al- 
Most independent existence, so that with transection of the neuraxis, 
it is possible to have anterior and posterior parts of the organism 
engaged in quite different activities—mating and eating, for ex- 
ample. Yet without such transection, it is inconceivable to have such 
simultaneity of divergent actions; it is therefore evident that there 
must be mutual inhibition, since there is not an actual incompati- 
bility of the parts. 

Although organic unity is not a law of nature, it is an evolutionary 
tendency to attain and maintain such unity despite the increasing 
differentiation of the organism. This cannot be effected simply by 
a closer union of all the parts, because that would lead only to con- 
Vulsive disaster if it were not accompanied by increasingly effec- 
tive inhibitory controls. The vertebrate nervous system has been 
Sspecially effective in maintaining, as Sherrington put it, that 
Singleness of action from moment to moment [which] is a keystone 
în the construction of the individual whose unity it is the specific 
office of the nervous system to perfect.” 

In Many fish, there is a giant Mauthner cell present in the 
medulla oblongata. This cell receives afferent innervation from the 

Mth (auditory) nerve and sends a motor axon to a muscle which 
Causes a sideward flip of the tail fin. Retzlaff (1957) found that 
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stimulation of the VIIIth nerve would uniformly lead to the tail 
flip, but it proved to be impossible to cause both Mauthner cells 
to discharge, and thus to contract the muscles on both sides of the 
tail fin, by simultaneously stimulating the nerves on both sides. In 
fact, he found that strong simultaneous stimulation of both nerves 
tended to produce rhythmically alternating movements of the tail, 
rather than to evoke simultaneous contractions of antagonists. He 
discovered that the afferent fibers terminated in synapses on the 
dendrites and cell body of the homolateral Mauthner cell, and on 
the axon hillock of the contralateral Mauthner cell. In further in- 
vestigation, Retzlaff and Fontaine (1960) discovered that each of the 
motor axons gave off a collateral which then terminated in a ring 
around the base of the axon on the contralateral cell. If the cells 
were frozen and then stained immediately after the VIIIth nerve 
had been stimulated on one side, it was found that the cell body 
on the stimulated side stained darker, and that on the other side 
stained lighter, than in control (unstimulated) fish, indicating that 
contrary chemical processes had been taking place in the two cells. 
Here we see the evidence of an intricate mechanism to insure an 
absence of conflict for the fish—at least in the motor act of flipping 
its tail. 

A very different kind of in 
scribed by Limbaugh (1961) 
Many fish avail themselves 
fered by the Pederson shri 
animal which lives in assoc 


hibition appears in the behavior de- 
in a discussion of “cleaning symbiosis. 
of the sanitation service which is of- 


g irregularities, tugging at parasites 
ains almost motion- 
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these shrimp. They line up or crowd around for their turn and often wait 
to be cleaned when the shrimp has retired into the hole beside the 
anemone (Limbaugh, p. 42). , 


It should be obvious to the reader that the fish cannot "stop an 
inch or two away," present itself “tail first,” open its gill covers “in 
turn,” suffer the shrimp to enter and leave its mouth, and wait for 
Service (even without keeping track of its proper turn), without 
exercising a variety of inhibitory controls. 

A number of vertebrate forms have been the objects of investiga- 
tions directed toward discovering correlations between the appear- 
ance of unlearned response patterns and the maturation of nervous 
Structures. The results represent an interesting supplement to those 
obtained by surgical procedures, in which the function of a struc- 
ture is assessed by observing the effects of its removal. In embryo- 
Ogical studies, we wait for nature to fit the new part into place, or 
to render it functional, and observe what change takes place in be- 
havior, 

Based on his observations of amblystoma, Coghill (1930) de- 
clared that mass reactions involving the trunk and tending to spread 
to the whole body appear before discrete movements of individual 
imbs, He argued that local reflexes are not the primary building 
blocks of behavior, but rather have to be differentiated out of the 
mass reaction, Thus, his account of the ontological development 
of behavior is not unlike Lewes' description of the schoolboy's early 
efforts at writing. This generalization has found supporters and op- 
Ponents, both in sufficient number so that it seems reasonable to 
Conclude that it is à correct description of the development of some 

ehavior sequences in some animals, but not a valid generalization 
for all vertebrate behavior. Minkowski’s (1928) descriptions of dis- 
Crete reflex responses in the human fetus seem not to fit Coghill’s 
Conception, but Hooker (1943) believes that his own observations 
ot similar material can legitimately be described as conforming to 
it, However, Carmichael (1946b) points out that observations of the 
uman fetus are never made under good experimental conditions, 
Since some degree of anoxia is almost inevitable, and that even 
Under the better conditions which prevail in experimentation with 
€tuses of subhuman mammals it is risky to base negative conclu- 
Sions on what we do not see. However, Carmichael’s observations 
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of embryo guinea pigs, and those of Barcroft and Barron (1937) on 
the development of behavior in fetal sheep, were performed uncer 
especially careful experimental controls, to avoid either the shock 
effects of separation from the mother or the effects of anesthesia 
administered to the mother. 

Carmichael is quite positive in his statement that discrete local 
reflexes, and also discrete reflex movements of the neck or of a dis- 
tant limb, appear before any general mass responsiveness to external 
stimulation. Carmichael operated with a systematic chart of stimu- 
lation points, prepared in advance, which were to be tested in 
embryos exposed at predetermined ages. Out of this careful meth- 
odology there appeared a picture of comparable precision in the 
maturation of behavior, with highly predictable relationships be- 
tween points of stimulation and responding parts. In evaluating his 
observations, we must give some weight to the fact that their trend 
is opposite to the expectation with which he undertook his work, 
forcing him, as he has noted, to abandon an initial disbelief in the 
existence of fairly complex unlearned patterns of response. The 
views of Coghill and of Carmichael seem to assign different functions 
to the developing inhibitory functions: in one case, there is an initial 
general irritability which must be channeled into discr 


process requiring inhibition of rival 
simultaneously; 


ete paths, 2 
paths which originally were active 
in the other case, as the many discrete reflexes ap- 


pear, they must be integrated into functional patterns of behavior, 


in a process which involves many reciprocal inhibitions among the 
reflexes themselves. Certainly, 


neural inhibition does perform both 
of these functions, and therefore we can readily accept the idea that 
both processes go on, in some species one being more prominent, 
and in some the other. 


Although there is a stead 
tional response mechanisms 
velopment, it has also been o 
of the mammalian embryo 
decline in the frequency of 


y advance in the availability of func- 
in the course of embryological de- 
bserved that somewhere in the course 
nic development there is an actual 


Spontaneous movements, which cannot 
be ascribed to changed environmental influences. Hooker found 


such a change in the human fetus at about sixteen weeks, and 
Barcroft (1938) places it at the fiftieth day for the fetus of the 
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Sheep, which has a gestation period of 144 days. Koshtoyants cites 
the opinion of Volokhov, that the process of establishing specialized 
reflex ares in the fetus—that is, the differentiation of which Cog- 
hill spoke is due to a limitation of the previous unrestrained spread 
of excitation through the nervous system, and the appearance of an 
ability to concentrate excitation along certain pathways by in- 
hibiting its progress along others. 

Barcroft provides not only a vivid picture of the behavioral 
change, but also convincing evidence as to how it comes about. 


As the days pass between the 40th and the 50th, the movements be- 
Come not only more purposeful and concrete but also more easy to elicit. 
By the 49th day the foetus is so lively that it is difficult to manipulate it 
2t all without consequent slight movements taking place, each followed 

Y a rhythm. The result is that rhythmic movement scarcely ceases, and 

t e foetus presents the general appearance of an ordinary animal breath- 
Ing naturally, , , 

: We have now, at the 50th day, reached a very definite period in the 
etime of the sheep foetus; so far every new development has been in 
e direction of greater activity, but now the embryo enters upon a new 

era. This era is signalized by two things: 

l. The foetus becomes quiescent. . . . 

* Asphyxia tends to bring back the picture as it was at the end of the 
earlier period . . . (Barcroft, 1938, pp. 26, 28). 


Barcroft and Barron (1937) were able to section the central nerv- 
S System of the fetus in utero, without checking the normal growth. 
Out ten days after this surgery, they would remove it for study. 


ou 


The results were quite convincing; a foetus of say 70 days which had 
Teached the quiescent stage reverted to the general condition of a 50-day 
Cetus when its central nervous system was completely transected just 
‘Dove the region of the red nucleus. If tapped it would immediately 
respond by stretching itself out and maintaining its limbs in this extended 
Picture for a time. Indeed I have seen one such foetus exhibit the com- 
Plete Picture of a person who, after getting up from an unsatisfactory 
night, stretches and yawns. . . . It would seem that the quiescence 
which 9vercomes the activities of the foetus after the 50th day is really 
He to the development of an inhibitory mechanism higher than the 
Position of the section, and its seems that this mechanism is more 
“Sceptible to asphyxia than those below it (Barcroft, 1938, p. 31). 
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With lower sections, the movements which are restored are 
found to have a much more jerky form. We shall see in Chapter 6 
that the smoothing of motion is an essential function of inhibitions 
mediated by some subcortical structures involved in the control 
of movement. 

Maturational development is prolonged in the human child, to 
the point that its locomotor apparatus is not ready to function for 
about a year after birth. We may therefore include as an example 
of embryological investigation a summary statement on the reflex 
response of the toes to stimulation of the sole of the foot, as it is ob- 


served not only before birth, but also in childhood and maturity. 
For this, we quote Carmichael: 


Minkowski showed that the first response to stimulation of the sole of 
the foot is probably an independent effector response that follows the 
direct stimulation of the muscles through the thin skin. The reaction does 
not involve neural elements. The next level of reaction in a foetus of 3 
to 4 months is believed to involve connections in the spinal cord. This 
response shows a dorsal flexion of the toes. As the central nervous system 
continues to mature in the midfetal period, connections in the midbrain 
become effective, and the pattern of response changes again: the big toe 
is often extended while the other toes flex. As still higher centers become 
functional in late fetal life, the response becomes variable, sometimes 
showing a spreading of the toes. With the development, ordinarily after 
birth, of cortical dominance, the typical Babinski reflex (big-toe extension 
and flexion of other toes) disappears and is replaced by the adult plantar 
reflex (the contraction of all toes). In adults the presence of the Babinski 
reflex is sometimes indicative of a lesion of the pyramidal tracts of the 
brain and spinal cord (Carmichael, 1951, p. 288) 


In pathological senility, we may add, or just before death, as the 
higher centers fail, the Babinski reflex reappears, to give final proof 
that the structures responsible for it have remained functional dur- 
ing all the years when this pattern of reflex response has been sup- 
pressed by inhibitory controls. 

It is not possible to extend this chapter to include a survey of the 
many instances of unlearned behavior in higher vertebrates which 
seem to depend on disinhibitory release. Instead, we shall merely 
mention the contributions of two investigators whose work is doubt- 
less already well known to most of our readers. Bard and his as- 
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Sociates (see Bard, 1950) have shown that the neural mechanism 
of control over rage behavior includes at least two stages of inhibi- 
tion, that is, that the rage pattern which is organized at a dien- 
cephalic level is inhibited by the amygdaloid cortex, and that release 
of the pattern normally implies disinhibition from higher levels.? The 
Same general pattern of organization is suggested by Tinbergen 
(1951) for all sorts of unlearned behavior. Characteristically, he says, 
Such behavior is triggered by what he calls "internal release mecha- 
nism" which operate on standing inhibitions. There is a clear parallel 
between these views and Sherrington's analysis of locomotion and 
Posture, in which spinal reflexes are integrated at midbrain levels, 

ut are subject to still higher inhibitory controls of cortical origin. 
se examples can serve to complete our comparative survey. 
Chapter 6 will give a more detailed view of the role of inhibition 
Tn the behavior of mammals. Meanwhile, we shall turn first to a 
Consideration of inhibition as a synaptic process. 


* New Suppo: isi i from the work of Egger and 
rt for this interpretation comes à : 
Flynn (1963) Slo siaasslea in suppressing hypothalamic rage behavior by 
™ygdaloid stimulation. 
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It was one of the great achievements of Sherrington to have pointed 
(1906) to the synaptic membrane as the probable seat of the inhibi- 
tory process, and subsequently (1925) to have shown that there i$ 
a “central inhibitory state" (c.is.) which has many of the same 
characteristics as the central excitatory state (c.e.s.) which he had 
previously defined—characteristics which could only be understoo 

às synaptic phenomena. Sherrington's hypothesis has now been 
established beyond all doubt by an accumulation of knowledge 
which justifies the definition of inhibition (page 9) as "an event 
which begins with the release of an inhibitory transmitter substanc® 
by the activated neuron, the effect of which is to prevent, or ten? 
to prevent, the discharge of another neuron.” It is this type of event 
which we assume to be the antecedent of each and every phe- 
nomenon which is described as an “inhibition” in this book, except 
in quotations from noncontemporary authors. To avoid misunde!- 
standing, let us point to two exceptions to this statement—each 1? 
of the nature of an exception which tends to prove the rule. Firs’ 
it is not intended to deny the possibility that overt activities may 
sometimes be obstructed by a conflict of excitatory tendencies, oF 
of muscular contractions in antagonistic muscles; but in the inte? 
ests of clarity it is better that such phenomena be designated 9$ 
instances of suppression, or by some synonym of suppression, a” 

that the word inhibition be reserved to designate the effects ° 
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Synaptic events of the type described. Second, it must of course be 
recognized that the inhibitory effects of the transmitter substances, 
Which are neurohumors, may be mimicked in whole or in part by 
certain drugs, and influenced by similar hormones which may be 
produced elsewhere in the body. 

It is the main task of this chapter to summarize present knowledge 
on the nature of synaptic inhibition. The latter part of the chapter 
Will introduce the problems of the relationship between synaptic 
inhibition and the action of drugs on the central nervous system, 
and of the implications of the chemical theory of transmission for 
Our understanding of behavior, Much of what follows is written in 
dependence on excellent reviews by Eccles (1953, 1959), to whom 
We owe much of our present knowledge of the nervous impulse gen- 
erally and of the synaptic process in particular, and by Grundfest 
(1959a, 1959b, 1960a, 1960b), who is another leading exponent of 
this theory of inhibition. (The reader who desires closer acquaint- 
ance with current problems in this area may turn to Florey, 1961b.) 

The outer surface of each cell, including its axon and dendrites, 
and the surfaces which they present to other contiguous cells at 
Synaptic junctions, is a very thin membrane, with a thickness of 
sout 50 angstrom units. (That is about one five-millionth of an 
Inch, or about one-tenth of the length of a light wave in the blue- 
Breen band of the visible spectrum.) Like any cellular membrane, 
it has pores which are too small even for detection by the electron 
Microscope. These pores permit diffusion processes by which the 
cell Maintains its metabolism with the outside medium, but they 
Must be small enough to limit these diffusion processes so that the 
cell can maintain differential concentrations of certain chemicals. 

he Pores have not been measured in nerve cells, but it has recently 

en determined that the pores of red blood cells have a diameter of 
about 7 angstroms, which provides a corridor just about wide enough 
Or one water molecule to jostle past another, and they appear 
to be Spaced at least 200 angstroms apart, on the average (Goldstein 
& Solomon, 1960). Selective diffusion of ions can cause an electrical 
Potentia] to exist between the two surfaces of a cell membrane. In 
What is called the resting state of the neuron, the strength of this 
Potentia] is about 50 to 80 millivolts, the inner surface being nega- 
tively charged with respect to the outer. Somehow, the cell main- 
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tains a considerable excess of positive sodium ions on the eo 
surface. It also maintains cross-membrane gradients in the distri ie 
tion of potassium and chlorine ions; but these are less marked, E 
tend to lessen rather than to increase the polarization, since ther 
is a somewhat higher concentration of positive potassium ions * 
side the membrane, and of negative chlorine ions outside. The Es 
that the potassium and chlorine gradients are weaker than wall 
sodium gradient does not make them less important, for we sha 
soon see that the existence of these opposed gradients, in the zeikan 
state of the neuron, is an essential condition for the occurrence "1 
neural inhibition. This "resting state" is an equilibrium between a 
tive processes: on the one hand there is the constant tendency $ 
these electrochemical gradients to run “downhill” across the mere 
brane, and on the other hand there is some unknown cellular mp 
ess, which is often referred to as an "ion pump," which pre 
the gradients. The effectiveness of the pump depends on the e 
of diffusion through the membrane: if the membrane becomes si 
denly permeable to all sorts of ions, the “pump” will be unable a 
maintain the potential difference, and the membrane will beco! 
depolarized. ... (1902) 
The nerve impulse which traverses the axon is—as Bernstein ( 3 
correctly surmised—a temporary abolition of a pre-existing state i. 
polarization. This depolarization can bé initiated at any point whet 
the permeability of the membrane is suddenly increased by any 
local influence. Such an initial rupture can be precipitated in many 
ways: by mechanical stimulation, by chemical agents, by an ae 
tric current, etc. The condition spreads rapidly in all direction? 
but it is of very brief duration at any one point because it is F 1 
limiting, due to the fact that the swift rush of ions through | 
breach results in a brief period of hyperpolarization. The S 
quence is the "absolute refractory phase," which insures that 2 : 
wave of depolarization which spreads progressively along ™ d 
length of the neuron cannot turn about and sweep back again. Ther 
is a slightly longer period of relative refractory phase during whi f 
the pump reestablishes the “resting” potential. If a continuo" 
record is being made of the electrical activity of the neuron at any 
point, the passage of the wave of depolarization appears as a sharp 
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upward spike followed by a dip below the level of the resting po- 
tential. In any given neuron the height of the spike is remarkably 
constant, for the strength of this response depends on the sudden 
release of the resting potential, that is to say on an inherent charac- 
teristic of the neuron itself, and not at all on the type or strength of 
the stimulus applied to the nerve, once that stimulus has passed 
the critical level needed to precipitate a discharge. This phenome- 
non is referred to as the “all-or-none” action of the nerve cell. One 
might say that the nerve membrane “inhibits” the movement of 
tons, and that the nerve impulse results from a temporary interrup- 
tion of this function, a kind of “disinhibition.” 

The transmission of an impulse from one neuron to another takes 
Place only at a synapse, that is, a point where the membranes lie 
close together although there is no structural joining of the cells. 

e word synapse was suggested by Sherrington in 1897, at a time 
when it was still a matter of controversy whether nerve fibers were 
Continuous from cell to cell, as maintained by Golgi, or discontinu- 
Ous, as maintained by Cajal. Before the discovery of the synapse, 
all discontinuities in the movement of the nerve impulse were pre- 
Sumed to take place in the cell bodies scattered along what ap- 
Peared to be continuous nerve fibers. It was assumed that the cell 
body was the site for summation and interaction of impulses, that 
it offered a resistance which could sometimes check them (as in 

undt’s early theory of inhibition), and that it was responsible 
for initiation of new impulses based on incoming stimulation and on 
its own physiological state. The discovery of the synapse did not 
enforce any essential change in these views, although it was obvious 

at a new kind of resistance had been introduced into the system 
of connections. It was still assumed that the normal physiologi- 
Cal stimulus to the discharge of one neuron is an electrical impulse 
Ieceived from another, and the synaptic structure of the nervous 
System was simply interpreted to mean that nature had antic- 
lpated the electrical engineer in the invention of condensors in 
Which a series of weak charges could be accumulated to form one 
Charge strong enough to jump the gap. The synapse, instead of the 
Cell body, became accepted as the site of interactions and summa- 
tions; but the realization that what happened at the synapse had to 


92 Inhibition: A Physiological Reality 


be explained as a chemical rather than as an electrical phenomenon 
gained ground slowly. 
We shall not attempt to review all the important steps leading 
up to the present understanding of synaptic transmission, but we 
shall mention a few outstanding events which also have special 
bearing on our general subject of inhibition. (For a fuller account, 
see Minz, 1955.) When Claude Bernard (1857) discovered that 
curare produced a motor and not a sensory paralysis, he interpreted 
the effect as differential poisoning of the motor nerves—a fact which 
he regarded (1858a, 1864) as verification of Haller’s distinction 
between irritative and sensitive functions. Despite his insightful 
characterization of toxic substances 
struments which are capable of dissecting out the functional prop- 
erties of the living organism, he did not surmise that the effect of 
curare was not on either nerve or muscle as such, but on the process 
of transmission from one to the other, The greater part of a century 
was to pass before it became possible to envisage this effect as 


we now understand it, as due to the competition of curare, whose 


active principle is a quarternary ammonium ion, with acetylcholine 
for receptor sites in the neuro 


muscular synapse. Important support 
for a chemical theory 


of nervous transmission came from the re- 
search of Langley, Dale, Can 


cal properties of acetylcholir 
could produce the same effe 


as delicate physiological in- 


ervation itself does. Samoilov (1924) 
ture exert much greater influence on 
ocess than on conduction within the 
om the nature of this dependence on 
eaction was involved. In an evolu- 
tvous system only provides a swifter 
moral influence which is the the primi- 
mong the cells of the body. This was in 


temperature that a chemical r 
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agreement with Cannon's (1927) work on homeostasis, in which the 
coordinative effects of adrenal secretions were emphasized. Cannon 
and Rosenblueth (1937) recognized the difficulty of explaining the 
medley of visceral effects as resulting from the action of a single 
neurohormone, and advanced the hypothesis that two forms of 
“sympathin,” one excitatory and one inhibitory, were produced in 
the effector cells, At that time it was not known that the adrenal 
Secretion included norepinephrine as well as epinephrine, and 
that it was the former which would be discovered to be the 
transmitter at peripheral sympathetic synapses. In 1933, Dale 
Proposed that instead of Langley's classification of the autonomic 
nervous system into sympathetic and parasympathetic divisions, it 
Would be better to speak of adrenergic and cholinergic nerves, a 
classification which is almost but not entirely parallel, and which 
Of course is applicable also outside the autonomic system. By the 
early 30's there was an accumulation of much circumstantial evi- 
ence, and a small amount of questionable direct evidence, that 
acetylcholine and some epinephrine-like substance are the principal 
transmitters at peripheral synapses. Very little was known about 
low they obtain their effects, and the theory of electrical transmis- 
ston still had strong support, particularly as regards central synapses. 
The more detailed study of the synaptic phenomenon had to await 
the Startling development of microtechniques which has taken 
Place within the past decade. 
. The electron microscope reveals the synapse as a sharply defined 
Interneurona] space which is about 150 to 500 angstroms in width, 
although the width of any given synapse varies very little. On one 
Side of the synapse, in the presynaptic neuron, it is sometimes pos- 
Sible to discern tiny vesicles which appear to be suited to the storage 
of small quantities of the transmitter substance, ready to be dis- 
Charged into the synaptic space. Florey (1961a) points to the possi- 
ility that because of influences affecting these storage facilities, the 
Synaptic activity may not have the same all-or-none character as the 
axonal impulse. On the other side, the postsynaptic or subsynaptic 
Membrane lacks visible distinguishing features, but this is not 
Surprising since, for reasons soon to be stated, it is probable that 
€ special characteristics of the so-called receptor sites on which 
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the transmitter takes effect are a matter of fine molecular structure 
which constitutes some kind of valving mechanism designed to 
alter the size of the pores through which the diffusion of ions takes 
place. Direct measurements of electrical potential in the subsynaptic 
membranes show that in the absence of a proper transmitter sub- 
stance, electrical potentials considerably greater than those of the 
presynaptic nerve impulse are unable to leap the synapse, and 
cannot by themselves excite the subsynaptic neuron. 

When transmission does take place, by chemical means, the 
resulting postsynaptic potentials (PSPs) are of two kinds, which 
make it possible to differentiate between two types of synapses: 
depolarizing and hyperpolarizing, which in their usual effects are, 
respectively, excitatory (with EPSPs) and inhibitory (with IPSPs). 
In depolarizing synapses, the effect of the transmitter on the re- 
ceptor sites is to bring about a general increase in permeability of 
the membrane to all types of ions. As a consequence, the electro- 
chemical gradients are locally abolished, and this phenomenon of 
depolarization tends to spread along the cell membrane, giving 
rise to the axonal impulse or nerve discharge. However, there are 
some synapses which, whether because of the special nature of the 
receptor sites or the nature of the transmitter substance, give rise 
to postsynaptic hyperpolarization. This is the result of a selective 
increase in permeability, presumably because the pores of the re- 
ceptor sites are opened only sufficiently to allow ions of very small 
size to pass freely, while still impeding the passage of large ions. 
In this case, the potassium and chlorine gradients are quickly 
abolished, but the Stronger sodium gradient remains in full force 
Since the gradients for potassium and chlorine in the resting fiber 
are opposite in sign to the sodium gradient, the effect of removing 
them is to increase the net electrical polarization of the membrane: 
Thus, in the two types of synapses the immediate response of the 
subsynaptic membrane to the transmitter is similar in type, being 
in both cases an increase in the permeability of the membrane; and 


the very different final outcomes depend on a quantitative difference 
in this phenomenon. In excitatory synapses, the depolarizing effect 
tends to propagate along the membrane, that is, to set up an axonal 


nerve impulse. In inhibitory Synapses, the hyperpolarizing PSP 
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counteracts any simultaneous tendency to depolarization, and thus 
tends to quell any excitation.! 

The question arises as to whether most cells possess both types 
of synapses, and here a distinction must be made between terminal 
Synapses or discharging surfaces, on the one hand, and subsynaptic 
or receptor surfaces on the other. It seems quite likely, as Dale sug- 
Bested, that any given neuron will produce only one transmitter sub- 
Stance, but of course it does not follow from this that it can termi- 
nate in only one kind of synapse. In crustaceans, where inhibition 
1$ peripheral, there are known instances in which the same motor 
Cell has branches to two antagonistic muscles, so that by its dis- 
charge it simultaneously excites one and inhibits the other. A com- 
parable situation has been discovered in the cardiac innervation 
Of the snail. It therefore seems risky to assume, as Eccles does in 
face of these facts, that in vertebrates each cell will have only in- 

ibitory or excitatory functions. 

It is true, as Eccles states, that “conceptually, by this subdivision 
of herve cells into excitatory and inhibitory types, a great simplifica- 
tion is introduced,” but it seems to us that such conceptual sim- 
Plification may be more hindrance than help in fitting the events 
of nervous activity to the very complex phenomena of behavior. 
Grundfest argues that since acetylcholine, at least, serves as trans- 
Mitter for both exciting and inhibitory synapses, it is likely that the 
nature of a synapse is determined by the structure of the sub- 
Synaptic membrane, and this certainly suggests that many cells of 
the central nervous system will have both excitatory and inhibitory 
terminations. Eccles has presented evidence tending to prove that 
an inhibitory interneuron participates in every instance of inhibi- 
tion at the spinal level, but Lloyd (1960) offers other experimental 
evidence in refutation of that position. Since their difference hangs 
Upon niceties of experimental technique in which differences of less 

TIn soy i izi , but 
then it Pe in al bead gio ud Mane dar tis o 
is cretion. When both types of PSP occur in the same gland cell, their effect 
of probably not to excite and inhibit, respectively, but to induce the release 

qualitatively different secretions. It is not difficult to reconcile this p pe 


C m E 
patradiction with what has been said above, since the release of ick or 
Saliva is not so different from the valving of large and small ions. 
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than one millisecond are crucial, this is a problem beyond our 
competence to consider. While the matter remains in dispute, we 
must at least not close our minds to the possibility that the same 
neurons exercise both excitatory and inhibitory functions. 

As regards subsynaptic surfaces, the problem is simpler. There 
are probably many cells of the central nervous system which, like 
muscle fibers, produce only depolarizing PSPs. However, there are 
many others, and perhaps the majority, in which subsynaptic re- 
ceptor surfaces of both kinds occur. In the latter case, the question 
whether a neuron will discharge or not is resolved by the cumula- 
tive effect of many local EPSPs and IPSPs, the outcome being in- 
fluenced not only by their number and their strength, but also by 
their spatial distribution. It is probable that even without such 
antagonism, actual discharge never occurs except as a result of the 
summation of many excitatory receptor sites. It should be remem- 
bered that the typical cortical neuron is covered with literally thou- 
sands of synapses, and its dendrites spread into an area occupied 
by thousands of other neurons (Sholl, 1956). It is known that some 
of the hyperpolarizing Synapses on spinal motoneurons are those 
of inhibitory interneurons which are excited by collateral branches 
of the axon from the motoneuron itself. That a similar situation 
exists in the cerebral cortex, to provide one basis for “Heidenhain 
inhibition,” is extremely probable (Purpura, 1960). Even when 2 
great many excitatory synapses have been activated, the hyper 
polarizing effect of a much smaller number of inhibitory synapses 
may reduce the polarizing effect below the critical level necessary 


to induce neuronal discharge, or may prevent the wave of de- 
polarization from reaching the axon, 


The theory of chemical transmi 
validity of which may now be said t 
question, leads to a radically new 
in which the neurons 


ssion of nerve impulses, the 
o have been established beyond 


product of an endocrine gland, nor that the neurohumors secreted 
in the hypothalamic area take effect, not only on immediately 
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adjacent neuronal elements, but also on the pituitary glands which 
are situated at the base of the brain. By replacing electrical trans- 
mission by chemical transmission, we have not merely replaced one 
form of stimulation by another. We have replaced an undifferen- 
tiated source of excitation by a class of stimulating agents which 
can have many different effects. It now makes no more sense to talk 
about "nervous excitation" than it would to talk about "endocrine 
Secretion," without distinguishing between the different effects of 
thyroid, adrenal secretions, anterior and posterior pituitary secre- 
tions, etc, The psychologist who believes that his theories need not 
e influenced by advances in neurophysiology should ask himself 
how his theories of emotion would fare if he only knew that 
glands secrete,” and had never learned that they secrete different 
substances. 

Indeed, we are now able to understand why, time and again, 
pharmacology has given important insights into major problems of 
neurophysiology. It will be remembered that the title of Anstie's 
neglected book was Stimulants and Narcotics, and that his insight 
Into the principle of release came from his initial interest in drug 
effects. Claude Bernard’s study of the flaccid paralysis induced by 
Curare initiated study of neuromuscular transmission. The contrast 

etween this and the spastic paralysis induced by strychnine, a 
closely related compound, will soon draw our attention. Heidenhain, 

edensky, Sherrington, and many other investigators have had to 
emphasize that the inhibitory effects they witnessed were clearly 
apparent only at “a certain stage of narcotization.” It is convenient 
at this point to summarize certain facts and suppositions concerning 
Chemical transmitters and the effects of drugs at synapses, although 
We shall postpone a fuller discussion of drug effects on behavior 
until a later chapter. i 
mud two substances, acetylcholine (ACh) and norepinephrine 
el efinitely known to act as synaptic transmitters in the vertebrate 
hys Gus system, but there is very good evidence that serotonin (5- 
"i Toxytryptomine, or 5-HT for short) is a third transmitter, a fairly 
SOT body of opinion that gamma-aminobutyric acid (GABA) 
is B fourth, and general agreement on the likelihood that others re- 
Main to be discovered, while the claims of several other substances 
are pushed by their discoverers, Florey (1961a) says that “the as- 
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sumption of a small number of transmitter substances is not based 
on evidence but rather on the admittedly strong argument that not 
many compounds could qualify as transmitter agents.” 

Acetylcholine is the transmitter at skeletal neuromuscular synap- 
ses, at peripheral synapses of parasympathetic effector nerves, at 
sympathetic ganglia, and possibly in the majority of central synapses, 
including those of the spinal cord. It seems unlikely that it is the 
only cerebral transmitter, despite the fact that it can function in 
inhibitory as well as excitatory synapses. Feldberg and Vogt (1948) 
suggested that it is probably the transmitter only at alternate synap- 
ses in the central system, and that a variety of different transmitters 
are involved in the intervening synapses. 

Norepinephrine is the transmitter at peripheral synapses of sym- 
pathetic effector nerves, and at many central synapses in the hypo- 
thalamus, and probably also in other areas of the brain which are 
concerned more with visceral than with skeletal action. 

GABA is another natural substance which is found in higher 
concentrations in the brain than in other organs—it produces both 
excitatory and inhibitory effects when administered. Furthermore, 
when the metabolic process by which it is synthesized in the brain 
is prevented from taking place, convulsions result, which suggests 
that it is involved in inhibitions necessary to maintain normal levels 
of excitation in the brain. Koelle (1959), after reviewing the evidence 
with respect to this and a number of other proposed transmitter 
substances, concludes that “GABA appears to be a promising 
candidate for the role of a central inhibitory transmitter.” On the 
other hand, Grunfest believes that it gains its effects by a tendency 
to inactivate excitatory synapses, rather than by activating inhibi- 
tory synapses. A recent symposium (Roberts, 1960) produced much 
evidence of the importance of GABA in neural functioning. 

, Serotonin received its name at a time when it had not yet been 
identifed, but was being sought as a vasoconstrictor substance 
which evidently assisted in the clotting of blood. After it had been 
isolated and analyzed, it was found to be present in the brain, where 
it has especially high concentrations in the hypothalamus and other 
parts of the “visceral brain,” but is absent from the corpus striatum 
and the cerebellum, that is, from structures which are mostly con- 
cerned with posture. It has been suggested that serotonin serves as 
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a transmitter at hypothalamic centers, where it tends to activate the 
parasympathetic system. Brodie and Shore (1957) offer evidence that 
there is a serotonergic system, similar to the cholinergic and ad- 
Tenergic systems. 

Less evidence is available regarding other proposed transmitters. 
There is reason to suppose that some substance different from any 
of those yet identified is active in the cerebellar cortex. It would be 
Surprising, in view of the specificity which is now being attained in 
the action of drugs on different parts of the central nervous system, 
if research in the next decade does not confirm the suspicion that 
Some of this specificity depends on special characteristics in different 
Nervous structures, Purpura (1959) suggests that the naturally oc- 
curring, synaptically active amino-acids probably include not only 
inhibitory and excitatory transmitters, but also “anti-excitatory and 
anti-inhibitory transmitters which compete at receptor surfaces with 
their excitatory and inhibitory counterparts.” ; 

Indeed, investigation of the influence of drugs on various proc- 
esses and the further investigation of natural synaptic transmitters 
Must now proceed hand in hand, each advance in one of these 

elds shaping hypotheses for the other. Few fields now have such 
Close interdisciplinary interdependence as pharmacology and pc 
Physiology. The metabolism of a transmitter, as well as its mode T 
Operation in the synapse, provides many opportunities for varie 
Tug effects, 
ach transmitter substance must be synthesized, stored, released 
en needed, and destroyed following its use, preferably in ee 
Manner which permits its economical resynthesis. This metabo ic 
Cycle is wel] understood for both acetylcholine and epinephrine P 

Course norepinephrine, which is actually one step ahead A 
SPinephrine in the cycle of synthesis). Each stage in the cycle 
Presents some opportunity for a distinctive effect to be produced 

Some drug which prevents or facilitates that particular phase. 

, aus, for example, the enzyme cholinesterase plays an essential part 
Nervous activity by its destruction of acetylcholine, tending be 

° terminate the effect produced at the synapse by release of the 
Nsmitter, Anticholinesterase agents interfere with this p 

thus tend to prolong excitations. Other drugs may themselves 

to combine with the transmitter, thus reducing its effective- 
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ness. A drug which has a chemical structure similar to that of the 
transmitter in certain respects may be able to mimic its action at the 
synapse. Another drug, whose structure is only slightly different, 
may be able to mimic the transmitter only partially, and the be- 
havioral effect may be quite the opposite, because the drug now 
occupies the receptor site and thus blocks the access of the natural 
transmitter to it, but it cannot actually activate the site into creating 
a postsynaptic potential. 

One very important instance of such an effect is provided by 
strychnine, a drug which has long been regarded as a powerful 
nervous excitant. Bradley, Easton, and Eccles (1953) show that what 
strychnine actually does is to set up a selective blockade of in- 
hibitory synapses. The dramatic result of this impairment of inhibi- 
tory power—spastic paralysis on the spinal level, convulsions on the 
cortical level, which may be initiated by quite mild intensities of 
visual or auditory stimulation—demonstrates the crucial importance 
of inhibition to normal functioning of the nervous system. Knowl- 
edge of its mode of action has made strychnine an extremely valu- 
able tool in the hands of the neurophysiologist, since the occurrence 
of convulsions or increased excitability in response to the local 
application of strychnine establishes a strong presumption, if not 
absolute proof, that inhibitory Synapses are present at that point, 
and the violence of the reaction can be used to measure the relative 
proportion of synapses which are of this type. The blocking of the 
inhibitory synapses gives rise to a series of intermittent convulsions, 
the frequency of which depends on the speed of resynthesis, at the 
given site, of the supply of acetylcholine which is rapidly depleted 
by the convulsive activity. Where inhibitory synapses of this type 
are not present, there must be some other mech 
the needless depletion of acetylcholine. 

Grundfest’s schema of some of th 
act at synapses, shown in Table 
idea that “stimulants” 
their effects by the su 


anism to prevent 


e ways in which drugs can 
1, is wholly consistent with Anstie's 
are misnamed, because so often they gain 
Ppression of normal controls. To classify a 
drug as a “stimulant” or as a “depressant” on the basis of its overt 
effects tells us nothing about the nature of its action at the synapse. 
Thus, in the table, we see that overt excitator 


y effects may be pro- 
duced by acetylcholine, which is a natural transmitter, or by metrazol, 
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Taste 1. Mode of Action of Synaptic Drugs 


Type of Synapse 
Class of Drug oo poe ered Overt Effect 
Activators 
Nonselective + + Acetylcholine Excitatory or 
Norepinephrine Inhibitory 
Selective (a) A 0 Metrazol Excitatory 
Picrotoxin 
Selective (b) 0 a ? Inhibitory 
Inactivators 
Nonselective qe + D-tubocurarine Inhibitory 
Selective (a) d 0 GABA Inhibitory 
Selective (b) 0 4 Strychnine Excitatory 


ae UGE: Based on Grundfest Inhibition in the Nervous System and Gamma-Aminobutyric 
» 1960a, pp. 47-65. By permission of Pergamon Press, Inc. 
ut not at inhibitory synapses, 


which ; . 
Vhich is able to mimic it at excitatory b 
artly mimic it, and thus to 


or by Strychnine, which is able to p 
Ockade inhibitory synapses. Similarly, inhibitory effects may be 
Produced by norepinephrine, by acetylcholine, by curare, which is 
able to block both types of synapses, and by GABA, which blocks 
only the excitatory synapses. The reader will remember that GABA 
as also been proposed as a central inhibitory transmitter. It is 
Possible that it plays a blockading role in the cerebral cortex, and a 
transmitting role in the cerebellum, where inhibitory synapses of 
the kind that are blocked by strychnine do not occur. Reality has 
een simplified in this schema, for, as Grundfest points out, it is 
nies that the receptor sites in each major type of synapse 
aide subtypes which are differentially responsive to different 
atural transmitters and hence also to different drugs. 

Although at the present time the contradictory effects of very 
Closely related substances present a confusing picture, it is likely 
at the analysis of these very contradictions will lead to increased 
understanding, For example, it has been observed that the pharma- 
sological effects of a certain class of amino acids, each of which 
ncludes an amino group (NH5) at one end of its molecule and a 
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carboxyl group (CO.H) at the other end, seems to M e on 
whether the carbon chain between these radicals is short or ong. 
Although these acids have a depressant effect, another class of amino 
acids, which include two carboxyl groups in their structure, tend to 
have excitant effects. As an explanation for this double paradox, 
Curtis and Watkins (1960) suggest that an acid of the latter type 
represents a kind of three-pronged key which is capable of “open- 
ing” the pores of a depolarizing receptor surface, whereas the same 
receptor sites can be blocked (thus giving rise to depressant or Bt 
hibitory effects) by the acids which include only one carboxy] group; 
—the effectiveness of the blockade depends on the distance which 
separates this carboxyl group from the amino group of the same 
molecule. Whether this hypothesis proves to be correct or not, it is 
a good example of how the problem of the sharply differing effects 
of drugs with fairly similar structures will ultimately be solved. 

The theory of chemical transmission of ner 
us aware of a very important limitation in 
work which utilizes electrical stimul 


which must be kept in mind when 
stimulation) 


ve impulses also makes 
all of the experimental 
ation of the brain (a limitation 
interpreting the results of such 
its are stimulated by microelec- 
ulation must be to activate all 


ions, nevertheless, the effects obtained 
by this diffuse activation cannot give a true picture of the function 
of any portion of the brain, 
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region participates in control of at least two antagonistically related 
Tesponses. 

The fact that electrical stimulation of most areas of the cerebral 
Cortex produces no detectable overt response raises a strong pre- 
sumption that the effect of such nonphysiological stimulation tends 
on balance to be more inhibitory than excitatory. This is probably 
the reason for the paradoxical fact, brought out in Penfield and 
Roberts’ (1959) account of cortical explorations performed with 
Patients undergoing surgery for focal epilepsy, that direct stimu- 
lation in and near the speech area always leads to an arrest of 
Speech rather than to any utterance. This is just what we should 
expect from nondifferentiated stimulation, on the assumption that 
Control of speech rests on an interaction of excitatory and inhibitory 
innervations. This is probably also the reason for the confused situ- 
ation in mapping functional areas of the hypothalamus, where a 
Benera] parasympathetic dominance of the anterior hypothalamus 
and a general sympathetic dominance of the posterior hypothalamus 
are discernible, but points giving rise to opposite effects often seem 
to be intermingled. aM: 

€ can anticipate that a much clearer picture of the localization 
of functions will arise, not only from the use of microelectrodes to 
Stimulate single units 'and to record their activity, but still better 
rom the use of natural transmitter substances applied in minute 
Quantities. Severa] workers have already demonstrated the useful- 
Ness of this technique. For example, Grossman (1960) has reported 
that different behavioral effects are produced by the release of acetyl- 
Choline and norepinephrine at the same point in the hypothalamus. 
(See Page 368 for a fuller discussion of this finding.) This provides 
etter approximation to physiological conditions of stimulation 
an has been achieved previously, and the results show the need 
Or extreme caution in interpreting effects which have been attained 
electrica] stimulation. 
inally, we wish to allude briefly to the importance of the con- 
Sept of synaptic inhibition for interpretation of the effects of the 
so-called psychoactive drugs. It is obvious from the facts which 
ave been reviewed in this chapter that much of the specificity of 
tug effects has its basis in synaptic differentiation. As long as the 
"OCess of nervous transmission was regarded as uniform, no 
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possibility existed for understanding the nature of a 
Dale’s (1933) distinction between cholinergic and adrenergic par 

of the autonomic system was an important step in the development 
of pharmacology. And the more recent recognition that there are 
several different inhibitory transmitters active in the nervous system 
represents a still greater step, which opens up new perspectives for 
explanation of hitherto puzzling phenomena. To illustrate this, we 
shall give a brief statement of three recent hypotheses about the 


manner in which LSD-25 (d-lysergic acid diethylamide) attains its 
effects. 


LSD-25 is used experimentally to create “model psychoses” in 
normal subjects, 


and it has also been used as an adjunct to psy- 
chotherapy (Abramson, 1960). It also produces abnormal behavior 
in spiders (Witt, 1954), in fish, and in snails (Abramson & Jarvik, 
1955). One reason why this drug is especiall 


pharmacological point of view is that it is ext 
effective in doses as small as those of a natu 
which certainly suggests that its influence 0 
quite direct. To illustrate, the ordinary d 
model psychosis is only about one four- 
of chlorpromazine, a tranquilizer whicl 
minor changes in the structure of the 


enormous loss in its potency. Evident 
not a natural transmitter 


effects at the syn 
be accounted for 
sant effect on ele 


y interesting from a 
remely potent, being 
ral transmitter, a fact 
n nervous processes is 
ose used to induce a 
thousandth of the usual dose 
h counteracts its effects. Very 
drug are accompanied by i 
ly this molecule, though it is 
substance, is capable of exerting strong 
apse. However, one paradoxical fact which must 
by any theory of LSD-95 action is that its depres- 
rtex, to stimulation of a 
pposite hemisphere or some subcortical 
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adrenergic process, but it is very often blocked by drugs which, 
though they have much weaker effects, are able successfully to 
Compete with it for possession of the receptor sites. 3) Brodie (1957), 
Who hypothesizes antagonistic effects of adrenalin and serotonin, 
thinks it most likely that LSD-95 "acts by interfering with the 
norma] depolarizing action of serotonin released at synaptic junc- 
tions. . . | [It] does not merely neutralize the effects of serotonin 
itself, as it does in the case of smooth muscle, but it actually induces 
the Opposite effects. [This] suggests that in the brain stem there 
are two antagonistic systems, and if one is blocked the other is 
unmasked.” (See also Shore & Brodie, 1957.) 

We shall make no effort to appraise the respective merits of these 
three theories. This is a matter which is certainly beyond our com- 
Petence, and which could not reasonably be attempted without con- 
sidering many complex interactions with other drugs. However, 
looking at the theories as a group, it is obvious that the concept of 
Synaptic inhibition is basic to all of them, and that this concept has 
not only Opened up new perspectives for the analysis of drug 
effects, but that it also suggests a new approach to the problem of 

€ nature of conflict among action tendencies. In the multitude of 

“polarizing and hyperpolarizing synapses which cover the surface 
of the typical central neuron, a variety of neurohumors, which are 
identical with or closely related to substances that also have essential 
Unctions in other parts of the body, contend for mastery. The ex- 
Perimenta] testing of theories like those which have just been stated 
Vill throw additional light on this process, but already it is clear 
that the failure to take note of qualitative differences in the synaptic 
Process must prevent any proper appreciation of the role of the 
nervous System in control of behavior. 
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In the preceding chapters we have seen that inhibition, which was 
once no more than an embarrassing necessity, has at last become 
an understandable fact. Thus the old concept of a purely excitatory 
nervous system is obsolete, and it would be a great mistake to re- 
place it with a makeshift which only grudgingly acknowledges that 
inhibition plays an incidental part here and there, where the fact 
is indisputable. It is clear that inhibition is an indispensable part 
of nervous activity, and we should expect to find it playing an 
essential part in every instance of nervous control. 


One hundred years ago, the nervous system was regarded as 


» 
g impulses “reverberated 


hat the brain is, in Jung’s 
wder barrel” which would 


re not constantly restrained 
by inhibitory elements. 


This fact had already been recognized in a degree by Heidenhain 
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and by Mercier; it is implicit in Ashby's logical demonstration that 
a brain which is "fully joined" cannot function adaptively. If com- 
munication were the single basic principle underlying nervous 
Organization, the result would be chaos. Therefore, as Ashby (1960) 
States, we must "dispose once for all of the idea, fostered in almost 
every book on the brain written in the last century, that the more 
communication there is within the brain the better." There can be 
nO question that the tendency of nervous impulses to propagate 
themselves must constantly be held in check by inhibitory influences. 
What we wish to consider in this chapter is the extent and variety 
of such influences, as revealed by recent research. 
: Not all of the relevant neurophysiological research takes place 
în vitro or in vivo. In his Design for a Brain, Ashby demonstrated 
With mathematical tools that there must be two kinds of negative 
'eedback in any "brain" which is capable of regulating behavior 
adaptively, that is, in a manner which “maintains the essential 
Variables. within physiological limits." This implies only that a 
trial-and-error modification of response takes place, in such a way 
at responses which are poorly adaptive in the immediate situation 
tend to be discontinued and those which are more successful in 
meeting the organism’s needs tend to persist. To achieve this end, 
‘Ashby Proves, it is necessary that there be two different feedback 
Ops, one to daliver information about change in the environment, 
and the Other to inform about the state of essential intraorganic 
variables Which are influenced by the environment. In other words, 
T Second loop brings the reports of success and failure which tend 
continue some responses and to selectively confirm others. He 
4.50 points out that this motivational feedback will work best asa 
E function,” so that its feedback is based on changes which pass 
ain critical levels rather than being continuous, for otherwise 
“re would be a very wasteful incessant variability of behavior. 
d example, we all know from personal experience during illness 
at an excessive sensitivity to minute fluctuations of temperature 
AS not help to attain a state of comfort. 
shby summarizes his result as follows: “What has been deduced 
Va ps Necessary. That is to say, any system that has essential 
. Wiables with given limits, and that adapts by the process of test- 
8 Various behaviors by how each affects ultimately the essential 
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variables, must have a second feedback formally identical kn 
morphic) with that described here. This deduction holds equally 
for brains living and mechanical" (1960, p. 85). ; 

Figure 1 gives a schematic representation of Ashby's system 0} 
dual feedback. F ollowing his presentation, the environment con- 
stitutes a link in each system. We feel it important to emphasize 
that the minimal requirement is only for negative feedback from 
each loop, that is, that the processes initiated by environmental feed- 
back, both directly and indirectly by way of the “essential variables 
which constitute the motivational state, must be able to limit the 
activity of the effector mechanisms, but need not be able to increase 
that activity. This point is of particular interest because positive 


Figure 1. Double feedback: Ashby's minimal requirement 
for an adaptive nervous system. 


feedback, from “rewardin 
or reinforce processes u 
behavior, but commonly 
theories, However, only 
monstrable a priori, 
adaptive response, w 
of the organism doe 


g” events which supposedly strengthen 
nder way, not only play some part in 
receive major emphasis in psychological 
the need for negative feedback is de- 
If an organism is equipped to perform an 
ithout environmental prompting, the survival 


$ not require that success be confirmed by 
positive feedback; when the response is maladaptive, it is essential 


that there be some negative feedback to provide a signal of the need 
for a different response, 


Hence we can restate Ashby's conclusion in this form: a brain 
which is capable of adaptively regulating behavior must have at 
least two kinds of Tesponse-suppressing feedback, This does not 
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exclude the possibility that positive, response-enhancing feedback 
may also come to play an important part in adaptive behavior, but 
it does mean that any system which relies exclusively upon positive 
feedback—and this is the kind of system which has been implicit in 
a great deal of S-R theorizing—is headed for a catastrophic break- 
down. Nothing could be more maladaptive than an unmitigated 
Tepetition compulsion, and the organism burdened in this way 


DISTANCE 
RECEPTOR 


a for the nervous system of the 


Figure 2. The basic schem 
vertebrates, 


bre not be saved by the fact that as a result of experienced 

n. actions or reinforcements the repetition of some acts becomes 
oe compelling than that of others. 

elabo, minimal brain which is schematized in Figure 1 might be 

tated in many ways, but every useful elaboration would doubt- 

“Ss entail additional feedback loops. Figure 2 includes a number 

Such elaborations, which are chosen to conform to characteristics 


CO: r 
mmon to many animals: the effector apparatus is represented by 
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two antagonistic muscles, within which the stretch receptors are 
also indicated; environmental feedback takes place in part by way 
of the head receptor; the motivational state is represented by a 
visceral organ which has antagonistic efferents; and three distinct 
levels of organization are shown in the nervous system. Any nervous 
system of this complexity will probably exhibit all of the varieties 
of inhibitory relationships which have already been described in 
earlier chapters. We shall review them briefly, in terms which apply 
to vertebrate behavior. 

1. Peripheral inhibition of each visceral organ takes place by 
means of one of its efferents, that is, by means of either the sym- 
pathetic or the parasympathetic innervation. Since, in the diagram, 
the parasympathetic nerve is shown as descending from the inter- 
mediate level of the brain, it may be taken to represent the vagus 
nerve, branches of which exercise inhibitory influence on the heart 
and on a number of other widely scattered viscera. 

2. Reciprocal inhibition of antagonistic muscles takes place on the 
spinal level. In general, the study of reflexes in the spinal animal 
shows that they include all of the basic elements for posture and 
locomotion. Chronic spinal animals exhibit reflex flexion of all the 
joints of a limb in response to a stimulus applied to the surface of 
that limb, and this reflex pattern includes the extension of the 
opposite limb. Stepping movements, and the scratch reflex, can 
also be elicited. These balanced and rhythmic acts obviously include 
inhibitory components, such that the extension of any muscle is 
accompanied by inhibition of the antagonist in the same limb, and 


of the like muscle in the opposite limb. Furthermore, the disruption 

_ 1+ Why, one may speculate, have the vertebrates retained peripheral inhibi- 
aon of the viscera, while perfecting central inhibition of the motor apparatus 

eripheral inhibition represents a modulating influence which does not check 

» but competes with them. Central inhibition, on the other 

excitation. Therefore if the heart, for example, were sub- 

: e to the danger of heart Bo 

E y, paralyses which could iration, intestina 
function, and other vital 4 s Tope epe fin 


tion of both sympathetic ic i ation does exist, as we sha 
see later. 
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2 oe and its replacement by the indiscriminate contraction 
m iscles under strychninization shows how essential spinal in- 
ae is as the basis for posture and movement. 
ae ee oe are inhibited by impulses descending from the 
iita a l rain. This phenomenon was discovered by Sechenov 
aes yr the rediscovery of the same phenomenon in higher 
ried Mapon & Rhines, 1946) proved to be an extremely 
io all br in modern neurology. The important point is that 
tena! e rates there are structures, intermediate between the 
Ed : spinal structures and the cerebral hemispheres, which 
ri r4 e activity to inhibit the lower-level reflexes. 
" a responses can also be inhibited if, just before the usually 
m ye is given, there is some other fairly strong stimulus. 
teceptors e ype of inhibition which may be initiated by the head 
rinths = nother kind is illustrated by the influence of the laby- 
the heaa, a reflexes, which are influenced by the position of 
it involye is necessarily includes inhibitory components, because 
positi es the relaxation of some extended limbs. Indeed, extreme 
i Ons of the head may even counteract decerebrate rigidity 
rnandt, 1959). 
nisms acie the existence on the intermediate level of some mecha- 
n T inhibition of spinal reflexes, the decerebrate animal, in 
rigi dity Ee mechanisms are still intact, suffers from a general 
tington’s ue to the exaggeration of the postural tonus. Since Sher- 
Eae Ub it has been clear that this rigidity is due to the 
cerebrum me iuum. influences normally descending from the 
shal] xs arious hyperkinetic disturbances in humans (which we 
oo later in this chapter) represent analogous release 
a nd Another evidence of cortical inhibition is provided by 
* z! rocal influence of corresponding points in the motor areas 
and by vo hemispheres, as demonstrated by Wedensky in the frog 
6. ering and Sherrington in the monkey. 
Which : must not neglect to mention the local inhibitory effect 
consequen, postulated by Bubnof and Heidenhain as a normal 
Which) nce of excitation in any part of the nervous system, and 
as the function of reducing after-discharge. Knowledge of 


e na 
ture of synaptic inhibition enables us to see that this is not an 
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Figure 3. 


Some of the feedback circuits in the nervous system of a higher mammal 
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mentally directed behavior. The incapacity of spinal and decerebrate 
animals for adaptive behavior shows that in the higher verebrates 
Such interaction takes place at relatively high levels. To illustrate 
this, and some additional kinds of inhibition, we need to introduce 
further elaborations into our schematic nervous system. Figure 3 is 
Intended to depict the complexity of the mammalian brain only 
to the extent necessary to show how some of its numerous inhibitory 
controls are organized into great, multistaged loops which include 
overlapping sectors. We shall use it as a basis for discussion of three 
Classes of inhibitory effects: those which (1) directly influence the 
motor mechanisms, (2) primarily influence the motivational back- 
Bround of behavior, and (3) bring about the suppression of sensory 
input and modify its perceptual elaboration. 

l. Inhibition of motor elements: The impulses which enter the 
nal common path to the skeletal muscles are modulated by in- 
libitions which take place in the spinal cord, the reticular forma- 

tion of the brain stem, the cerebellum, the corpus striatum, and in 
Several distinctive parts of cerebral cortex. All of these structures 
are necessary for the proper regulation of movement, and the ef- 
erent impulses from each of them are probably a balanced medley 
o; excitatory and inhibitory influences. In reviewing their effects 
on behavior, it should be borne in mind that in some cases, and 
quite Possibly in most, facilitation is only the external appearance 
a process which is actually a disinhibition. On the other hand, a 
Structure Which appears to be inhibitory may be the source of ex- 
Citatory impulses to other neurones which actually effect the in- 
ibition, Whenever the peripheral muscular effect is taken as the 
evidence of inhibition, or of facilitation, we know only that the 
Siven structure participates in releasing such an effect, but we 
usually do not know if it is directly inhibitory or facilitatory, as the 
Case may be. Since vigorous muscular action is possible with spinal 
Mechanisms alone, the greatest economy of effort in regulating this 
activity from higher levels would not be gained by adding facilita- 
ons, to tip the balance one way or another as desired, but by intro- 
ucing inhibitions and disinhibitions, which would produce the 
same effects, 
ve shall begin with the anterior pole of the cerebral cortex. 
“sions in this area lead to overactivity and may also lead to ex- 
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tensor rigidity; therefore it is possible to conclude that this area 
exercises a direct or indirect inhibitory influence on locomotion gen- 
erally. An interesting illustration of this is provided by G. M. 
French (1959a, 1959b), who observed the effects of ablation of Area 
9, which is the frontal pole of the cortex, in monkeys. The animals 
had previously learned to press a bar to obtain food. The effect of 
the Area 9 lesions, which caused an extreme hypermotility, was to 
lower the bar-pressing scores markedly, whereas lesions in Area 6, a 
motor area, which more directly affects the use of the limbs for bar- 
pressing, had only a transient influence. The animals with Area 9 
lesions were kept too busy moving about to give a consistent bar- 
pressing performance. 

An important study of hypermotility following brain injury is that 
of Mettler and Mettler (1942). They found that extensive unilateral 
injury of the corpus striatum in cats leads to forced postures or cir- 
cus movements, and bilateral injury has an effect which is so strong 
that the animals “struggle violently against any obstacle which 
bars the forward progression which they usually display. The whole 
impression created is one of peculiar perversity, . . . (but) reac- 
tions are more nearly uniform and predictable once one is familiar 
with the nature of the alteration of the behavior pattern. . . . Its 
incessant propulsive efforts bring it [the cat] into opposition with 
static obstacles against which it struggles blindly.” The Mettlers 
reached the conclusion that "the striatum is an inhibitory mecha- 
nism, subject to cortical control and forming a significant link in the 
inhibitory path from the cortex to the motor neurone.” They say 
that the striatum “appears to hold back those patterns of a 


type, the so-called associative movements which are really what we 
encounter in the cursiveness 


which animals with bilateral lesions show.” 


sensory impulses. Actually, 
cortex is in Area 4-S, that is, 


and its terminus is in Area 6, that is, in a motor area. We shall defer 
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Jung and Hassler (1960) describe a number of distinctive syn- 
dromes of hyperkinetic muscular disturbance, and they indicate 
the usual location of lesions responsible for each kind of dis- 
turbance, Three of these syndromes are described as usually as- 
Sociated with lesions in different structures of the corpus striatum. 
These are: the choreic, which is characterized by involuntary jerks 
at irregular intervals (caudate nucleus and putamen); the athetoid, 
which is marked by slower involuntary movements which are often 
described as “wormlike,” leading to distorted extensions of the fin- 
gers and exaggerated facial expressions (pallidum); and the dystonic, 
in which the intention to make a discrete movement often leads to 
contraction of muscles which prevent the intended movement—that 
¢? muscles which must be inhibited if the movement is to be per- 
formed—whereas the performance of many skilled acts which re- 
Quire complex muscular integrations may be accomplished without 
difficulty (putamen). 

yndromes associated with tegmental lesions are the myoclonic, 
which consists of a succession of quick, nonrhythmical contractions, 
."Aping from muscle to muscle (red nucleus), and the parkinsonian, 
îm Which there is stiffness and generally increased muscular tonus 
"ater than excessive movement (substantia niger). 

Finally, the ballistic syndrome, in which violent tossing move- 
ments Occur, arises from injuries of the subthalamic nucleus, which 

aS connections to both the corpus striatum and the tegmentum. 

. € Variety and specificity of these clinical disturbances, all of 
Which have some form of hyperkinesis or hypertonus in common, 
Shows that we are not dealing with a single source of generalized 
Inhibition, but with a variety of inhibitory effects, which are nor- 
mally disinhibited in various ways in order to provide smoothly func- 
tioning automatic or voluntary movements. The fact that hypermo- 
tility and exaggerated tonus occur so commonly as consequences 
ef injury to motor apparatus shows us that the efficiency of this ap- 
Paratus depends upon a system of steadily ongoing inhibitions at 
many levels, In other words, the overaction of the motor apparatus 
1$ not simply a danger which arises when an act is initiated, but 
One which would arise spontaneously, everywhere in the muscular 
System, if its responsiveness was not being dampened by these in- 

Uences, 


The inhibitory influences of the cerebellum have often been 
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demonstrated. It is known, for example, that the ataxia which ac- 
companies cerebellar lesions is a result of overaction of the reflex 
righting reactions of vestibular origin. Moruzzi (1950) discusses 
many forms of cerebellar inhibition, including relief of decerebrate 
rigidity by stimulation of the cerebellum, which had been demon- 
strated by Sherrington and by Horsley, and the inhibition of move- 
ments arising from electrical stimulation of the motor cortex. These 
inhibitory functions do not take place in the cerebellum, but result 
from its action. Bremer (1925) discovered that strychnine does not 
abolish inhibitory functions of the cerebellum. This is consistent 
with the fact which Grundfest (1960a) points out, that hyperpolariz- 
ing synapses are rare in the cerebellum, in contrast to the situation 
in the cerebral cortex or in the spinal cord. However, fibers which 
originate in the cerebellum often terminate in inhibitory synapses, or 
serve to excite inhibitory neurons in other structures. Thus Moruzzi 
showed that the brain stem reticular formation serves as a relay 
for the cerebellar inhibition of spinal reflexes. 

We turn back to the cerebral hemispheres, to consider the con- 
troversial question of the suppressor areas. There is a long history 
of dispute as to whether movements can be inhibited by stimulation 
of any part of the cerebral cortex. (See, for example, the mention 
of Simonoff's early claim, on page 43, and of Oddi’s work, on page 
61.) The problem was given a new aspect by Dusser de Barenne 
and his collaborators, using the technique of strychninography. 
Their results are summarized by McCulloch (1944). Their purpose 
was to trace intracortical pathways; the method was to apply strych- 
nine to one spot of the cortex, while observing electrical activity in 
other parts. They found to their surprise that this activity often de- 
clined, and they mapped a series of “suppressor strips” which are so 
located as more or less to delimit major functional areas of the 
cerebral cortex. Feedback from the caudate nucleus was found to 
be essential to such “suppression” noted in the motor areas. Some of 
their findings are now dismissed as artifacts, but some truly in- 
hibitory effects remain. J. D. French (1960) says that although many 
“objections are valid, it seems clear that the loci to which the term 
‘suppressor’ was originally assigned contribute importantly to modu- 
lation of motor mechanisms as well as to other caudally 


and cephali- 
cally directed influences mediated by the reticular for 


mation.” In- 
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deed, J. D. French (1958) discovered that cortico-reticular fibers 
Originate in these areas, and go to the predominantly inhibitory 
portion of the brain stem reticular formation. Kaada (1960) states, 
largely on the basis of work in his own laboratory, that after dis- 
counting the long-latency effects as not truly inhibitory, there re- 
main two kinds of inhibition obtained from these areas: reduction 
9f motor after-discharge, and relaxation of existing muscular con- 
tractions, It is a matter of particular interest to us that these effects 
Were first clearly shown by strychninization rather than by elec- 
trical stimulation. This means that the phenomena observed were 
disinhibitions, Since they would normally be triggered by impulses 
entering the area in which the strychnine was applied, it is evident 
that inhibitory synapses are so distributed as sometimes to permit 
the effective chaining of inhibitory effects. 

We shall conclude our survey of inhibitions which directly in- 

uence motor mechanisms by reference again to the finding by 

agoun and Rhines (1946) that the lower part of the brain stem 
reticular formation has a powerful inhibitory effect on spinal motor 
mechanisms. which is capable of stopping such movements, whether 

Sy are produced reflexly or by stimulation of the motor cortex. 
Magoun and Rhines look upon the reticular formation as an area 
in which inhibitory influences from many parts of the brain con- 
vete, to be relayed along spinal paths. 

5. Inhibition of motivational patterns: We turn now to the 
Second group of inhibitions: those which are primarily concerned 
With Visceral sources of motivation. Papez (1937) advanced the 

“Cory that emotional behavior is largely dependent on a ring or 
Circle of Structures including the thalamus, cingulate gyrus, hip- 
Pocampus, and hypothalamus. Recent work has tended to confirm 
this theory, and the term “limbic circle” is now used to refer to 

ese Structures, and to the amygdala, which seems to form a 
Parallel link with the hippocampus in the circle. They may also 

© called the “visceral brain.” It is of course well established that 
— Patterns of emotional response, and many important innate 
Orms of adaptive behavior, can be released by stimulation of por- 

ns of the hypothalamus or disturbed by its injury. As one specific 


ex i 
the ee the pattern of rage behavior appears to be integrated in 


s Ypothalamus. Goltz (1881) described sham rage in decerebrate 
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dogs. Bard and Mountcastle (1947) found that in decerebrate cats, 
when connections of the hypothalamus were severed with all corti- 
cal structures, including the nearby amygdaloid cortex, the ani- 
mals were provoked to rage very easily, but when the amygdaloid 
cortex remained, the animals were extremely placid, and could not 
be moved to rage even by extreme mistreatment. They interpreted 
this result to mean that the amygdala exercises a steady inhibition 
on the rage pattern in the hypothalamus; rage is disinhibited when 
the connection between these structures is broken, and presumably 
the normal release of rage depends upon a higher cortical disinhibi- 
tion of the amygdaloid inhibition. The finding by Egger and Flynn 
(1962) that electrical stimulation of the amygdala suppresses rage 
in cats helps to confirm this interpretation. 

On the other hand, Kliiver and Bucy (1939), working with mon- 
keys, obtained quite different results. Where Bard and Mountcastle 
found that retention of the amygdaloid in cats otherwise decerebrate 
made placid animals, Kliiver and Bucy found that lesions of the 
amygdaloid made placid monkeys! Contradictions such as this point 
up the fallacy of supposing that a given area “excites” a given 
type of behavior, and indicate the need for recognizing that the 
Same area commonly regulates opposing behavior patterns. It is the 
"balance of function" within the amygdala, or between the 
amygdala and some portion of the hypothalamus, which determines 
whether aggressive behavior shall be released or inhibited, and 
the relative preponderance of inhibitory and excitatory units in the 
structures involved in such a balance may well change from species 
to species. As a matter of fact, placidity is a normal aspect of cat 
demeanor, but a very extraordinary and unusual phase in the be- 
havior of monkeys, who are highly excitable; it is therefore under- 
standable that in each case, lesion of the amygdala releases what is, 
for the given animal, the untypical pattern of response—uncon- 
trolled rage in the cat, placidity in the monkey. In intact animals 
both species, we can be reasonably sure, inhibitory elements of 

e amygdala enter into control of this aspect of behavior. (The 
Klüver-Bucy report has led to occasional use of amygdaloid surgery 
in efforts to control assaultive patients; this has sometimes been 
successful, but not consistently so.) 


Another and very different indication of the importance of the 


ae 
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amygdala in motivational feedback comes from the work of Olds, 
Who showed that rats will work to obtain electrical stimulation of 
Some parts of the amygdala, and also to avoid stimulation of other 
pa rts. In keeping with this finding, and with the conflicting results 
cited in the preceding paragraph, is the conclusion by Gloor (1960) 
that “the basic defect produced by [amygdaloid] lesions [is] a 
disturbance in those motivational mechanisms which normally allow 
the selection of behavior appropriate to a given situation.” 
_ The results of direct stimulation of the amygdala include the dis- 
inhibition of mastication, sniffing, sneezing and coughing, micturi- 
tion and defecation. Hypersexuality is a prominent feature of some 
amygdaloid lesions, and should be interpreted as a release of posi- 
tive socia] response, that is, the opposite of released aggressiveness. 
' hen amygdalectomy has caused a loss of aggressiveness and ap- 
pearance of hypersexuality in animals, destruction of the ventro- 
thes nucleus of the hypothalamus abolishes these effects, demon- 
“ating that they were brought about by release of the functions of 
at nucleus from amygdaloid inhibition. 

n the hippocampus, as in the amygdala, it is often reported that 
erection of a given area produces the same symptoms as direct 
Eran of that area, again indicating a balance of opposing 

encies—activating and inhibiting certain kinds of behavior— 
the same points, Either destruction or stimulation seems to re- 


ae abnormal fears, and to produce hyperesthesia. Penfield and 
| Voir er (1958) indicate that the hippocampus is an important dns 
) medi? memory traces; and one may therefore speculate that i 

“lates learned aspects of emotional behavior, as the amygdala 


Pan atos or controls emotional responses of an unlearned pum 
Nie Under surgery occasionally experience igi me 
ator, including “peculiar sensations” as well as speci i E 
lated" y Periences, when the hippocampus is din ly : ue 
Not o : ampiglione & Falconer, 1960). However, these effec * i 

consist Y variable from one patient to another, but they canno 
'Stently reproduced in the same patient; and often the result 
res qe ulation is not conscious experience, but loss of contact. Tliese 
3 Suggest the presence of inhibitory elements in this area, al- 
ah it is possible that they are due only to disruption of the 

Soing Process, 
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Both the hippocampus and the amygdala receive innervation 
from the cingulate gyrus of the cerebral cortex. Stimulation of this 
gyrus causes inhibition of respiration. In human patients, this inhibi- 
tion is accompanied by a feeling of tiredness and sleepiness, and 
impairment of consciousness. The interaction between the hippo- 
campus and the amygdala will be discussed in Chapter 11. Later 
chapters will also discuss in greater detail the part that the hippo- 
campus plays in adaptive behavior, and also the opposition or 
balance of functions within the hypothalamus. Each of these struc- 
tures is the site of complex inhibitory effects which play an essential 
part in motivational feedback. 

Summarizing the material of the last few pages, we may say that 
the motor mechanisms which are organized into postural and loco- 
motor patterns at the spinal level, and into patterns such as feed- 
ing, defense, and sexual activity at the level of the medulla and 
diencephalon, are variously inhibited and disinhibited by the mid- 
brain and cortical influences, which are organized into a number 
of loops providing numerous controlling feedbacks. Although we 
have no desire to eliminate excitatory facilitation as an element of 
higher nervous control, we must emphasize that its participation 
in this process is more problematical, because all overt facilitatory 
effects can conceivably be explained as disinhibitions imposed 
upon an undifferentiated tonic background, whereas inhibitory 
effects cannot be explained as caused wholly by facilitations. 

3. Inhibition of sensory elements: We turn now to the third 
class of inhibitions which we wish to discuss, namely, the inhibitions 
of sensory input and sensory elaboration, or perception. This inhibi- 
tion is a function of efferent sensory fibers, such as those shown in 
Figure 3, leading from the spinal cord to the stretch receptors in the 
skeletal muscles. Under the classical concept of the nervous system, 
the phrase “efferent sensory" is contradictory, since all afferent fibers 
are presumed to be sensory, and all efferent fibers are presumed 
to have effector functions. However, a rapidly growing body of evi- 
dence indicates that every sensory system includes efferent fibers 
which make it possible for central structures, including the cerebral 
cortex itself, to directly influence the responsiveness of the peri- 
pheral receptor organs or otherwise to modulate the activity in sen- 
sory pathways. The muscle spindle, which plays such an essential 
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part in the stretch reflexes and hence in all skeletal muscular action, 
Contains a special intrafusal contractile fiber which is capable of 
Stretching or relaxing the spindle independently of the muscle it- 
self. This fiber is under tonic inhibitory influence, but it can be 
excited, and this tends to increase responsiveness of the main af- 
ferent channel from the muscle spindle. It is interesting to point 
Out that the effect gained is similar to a peripheral inhibition of the 
motor apparatus—in the crustaceans, an inhibitory fiber directly de- 
Presses activity in the stretch-sensitive muscle afferent, Granit and 
Kaada (1952) have shown that stimulation of the upper portion of 
brain stem reticular formation, in which facilitation predomi- 
nates, causes an increase of muscle spindle activity; whereas stimu- 
ation of the predominantly inhibitory lower portion of the reticular 
Ormation, or of the anterior lobe of the cerebellum, reduces the 
Spindle activity. Reticular stimulation which produces these effects 
= Considerably less intense than that which is required to influence 
e discharges of the motoneurons directly, a circumstance which 
eia Support to the supposition that these efferent sensory fibers 
Probably play an important part in the refinement of athletic skills. 
arbur and Towe (1960) demonstrated that sensory units in the 
°rsal column of the cat, which respond to stimulation of the foot- 
Pads, can, with rare exceptions, be either excited or inhibited from 
e motor cortex. Of units which are affected, more than twice as 
d are inhibited as excited. The effect of such inhibition would 
as Parently be to reduce sensitivity to forepaw stimulation as the 
ipe is more active in locomotion or in aggression. (Just as T gm 
f ja fail to notice how he bruises his hands in the course of a hst 
ps : Compare the delayed pain of a smashed finger.) i 
agbarth and Kerr (1954) showed that stimulation of the brain 
Cm reticular formation, in either its predominantly facilitatory 
its Predominantly inhibitory parts, exerts an inhibitory influence 


N ascendi 4 ] 
ndin 1 in the spina 
a ton, 08 Sensory pathways } js 
as influence reo central anesthesia has the opposite effect, 


dally leading to increased afferent activity at spinal levels, evi- 
ied because it interrupts the tonic inhibition. Reticular stimula- 
also reduces activity at various nuclear relays in the medulla, 
lise again there is the same indication, from the effects of eden 
Trüption or anesthesia, that this is a tonic effect which is merely 


] cord. This is evidently 
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increased by the experimental stimulation. Further detail regarding ` 
these phenomena, and reference to the original sources, may be 
found in R. B. Livingston (1959), who reaches the conclusion that 
“each of the major stations which relay afferent impulses within the 
spinal cord, medulla and thalamus appears to be susceptible to 
interference by inhibitory influences, and that these influences are 
tonically active in the unanesthetized animal.” 

Although the concept of sensory inhibition is old enough to be 
found in Aristotle, the concept of tonic sensory inhibition carries 
important added significance. Attention was first drawn to this 
phenomenon by Head and Holmes (1911), who noticed that 
thalamic lesions caused increased sensitivity to touch and pain 
stimulation. They stated that "the attempt to explain this condition 
by a hypothetical irritation fails entirely, and we must consider 
whether the clue is not to be discovered in the removal of some 
control normally exerted by one sensory centre upon another. 
Since this insight has been so amply justified by recent experimen- 
tal evidence, we feel that the principle that all sensory channels are 
subject to tonic inhibitory influence may suitably be designated as 
Head's principle. It represents, of course, an extension of Ansties 
principle to the sensory realm. 

Against this background, it is not surprising to discover that the 
distance receptors in the head, which are such direct outgrowths of 
the brain, are under its modulating influence. Rasmussen (1953 
showed that efferent fibers of the auditory system enter the cochlear 
nucleus, where fibers from the organs of Corti have their first centra 
synapse. Galambos (1956) subsequently demonstrated that stimula- 
tion of this bundle of efferent fibers suppresses the response of the 
auditory nerve to a click stimulus, that is, it brings about an inhibi- 
tion of the sensory response within the cochlea itself, Galambos 
(1954) also points out that the distinctive pattern of response to any 
tonal stimulus, at the cochlear level, includes inhibition of some 
units as well as excitation of others, and he suggests that one effect 
may be as important as the other for tonal differentiation. Indeed, 
Ades (1959) considers that even the phenomenon of loudness ca 
not be explained simply as a correlate of the amount of excitatio? 
which takes place, “without the addition of a factor of selectiv® 
neural inhibition by recurrent elements”; and he reaches the gener? 
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conclusion that "It seems most unlikely that substantially further 
Progress will be made toward explaining the facts of audition in 
neurophysiological terms without considering the intrinsic and ex- 

sic neural processes by which excitation aroused by sound is 
modulated in the central auditory system.” 

Kerr and Hagbarth (1955) found that stimulation of the amyg- 
daloid and other areas of the olfactory cortex would inhibit activity 
in the olfactory bulb. Furthermore, the fact that severing the an- 
terior commisure leads to an increased activity of the olfactory 
bulb Shows that this inhibitory influence is also exercised tonically; 
that is, that response to olfactory stimulation, like response to tac- 

le Stimulation, is normally being held to levels below the maxi- 
ae Sensitivity which the receptor mechanism is capable of attain- 
, In respect to the eye, Granit (1955) had demonstrated central 
inhibition or retinal elements as early as 1933. Granit (1959) points 
Out that there is a need for retinal inhibition to check after-dis- 
charge of excited elements, for without this we could never have the 
Succession of relatively independent visual images which the retina 
Provides. This need is, of course, quite comparable to that which 
0 een recognized long before in connection with the control 
. Movement, Granit also found a good deal of spontaneous ac- 
tivity in retinal neurons, and this proved to be more intense (doubt- 
155 because subject to less central inhibition) under conditions of 
Pa ness adaptation than when the eye was exposed to ghe be 
ael For Roane retinal dicht as a peyhologc 

e intensity of experienced "darkness bem ri " 
no, omenon different from mere absence of epo ^ id i E 
of , COW that many retinal elements respond to the shutting 

: light, just as others do to its appearance. : 
iini d inhibition is of course at the basis of every cem on 
Sen pain by distraction. It has always been known that in the 

ltement of a struggle a man may fail to notice that he has been 
®unded. Although such observations have never been fully evalu- 
ated 8 by psychologists-now that there 


Y physiologists— even 
is gists—nor ; : d- 
e 


er, Licklider, and Weisz (1960) report that t : 
can be successfully repressed in 90 percent of dental patients, 
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using no other analgesic than a sound the intensity of which the 
patient controls. Another interesting report is that by Mathews and 
Whiteside (1960) who, while engaged in performing an experiment 
on the effect of free fall on the performance of the tendon reflexes, 
noticed that “during the drop there was no sensation of the tap 
being delivered to the ankle. Even if attention was concentrated on 
observing this sensation, it none the less appeared to be masked.” I 
An important avenue of sensory inhibition is provided by corti- 
cothalamic neurons, which originate in all sensory areas of the 
cortex, Ogden (1960) has studied the function of these neurons, ob- 
serving how they influence the thalamic response to peripheral 
stimulation. By application of penicillin to the cortex, he was able 
to fire the corticothalamic neurons without causing any discharge 
of the thalamocortical axons with which they are anatomically 
associated. The thalamic response to any sensory modality was 
greatly reduced, if the peripheral stimulation was applied simul- 
taneously with the evocation of the “penicillin spike” from the cor- 
responding portion of sensory cortex. However, if a subconvulsive 
dose of strychnine had been administered a few minutes earlier- 
which would have had no influence on either the penicillin spike nor 
the thalamic response alone—the thalamic response would actually 
be enhanced, rather than reduced. Ogden reasoned that the effect o 
the strychnine was to block inhibitory synapses on which some of 
the corticothalamic neurons terminated. And, in view of the er- 
hancement effect produced under these conditions, he conclude 
that some of these neurons also terminate in excitatory synapses, but 
that inhibitory synapses predominate. 
Everyday phenomena which indicate the practical importance of 
sensory inhibition, some of which we shall consider again in later 
chapters, include: (a) Sleep consists at least in part of inhibition 
of sensory impulses, a sort of self-imposed sensory deprivation. (b) 
In the state of drowsiness, entering or leaving sleep, bodily sensa- 
tions such as itches or trivial pains may seem enormously more 
intense than in the waking state. (c) Relatively mild tactile stimula- 
tions may also acquire overpowering impact under special condi- 
tions—e.g., the Chinese water torture, tickling, and sexual play. 
These are but a few of many indications that the mere development 
of receptor sensitivity, without adequate dampening, would lead t? 
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convulsive catastrophe for the organism. Steps must be taken to in- 
Sure that the brain does not function as if it were "fully joined." On 
the other hand, the utilization of receptor sensitivity for adaptive 
adjustment to the environment requires a selective disinhibition of 
Sensory information arising from those aspects which are of im- 
mediate importance to the organism. 

4. Thus we are led into a consideration of the inhibitory phe- 
nomena which can be inferred to be taking place in the cortex it- 
Self, even when they are not directly observable. When an ascending 
Sensory impulse reaches a sensory projection area in the cortex it 
Produces an excitatory effect, but the magnitude and the duration 
of that effect, and hence also its propagation to other areas and its 
witeraction with other cortical processes, depends upon the in- 

ibitory influences with which it contends. There are several very 
cear indications that an accompanying process of inhibition is a 
norma] aspect of the cortical response to stimulation, if, indeed, 
there is not also a steadily ongoing inhibitory activity which is a nor- 
n. Part of the background activity even before external stimulation 
"Ves, as is true in the retina. pue 
st ne of these indications is the fact that topical application of 

tychnine to any portion of the cortex creates an epileptogenic area 
or focus, Amantea (1921) found that “following stry chniniza- 
Jon there always arises a sensory and motor area of the skin which 
Is Supersensitive relative to the others,” and that this supersensitivity 
5 apparent before any clonic contractions have occurred. Clementi 
und that after application of strychnine to the visual cortex, a 

“ak visual stimulation would suffice to induce convulsions (1929a), 
te after its application to the auditory cortex, the cc pis 
woioduced by very weak auditory stimulation (1929b). dese FA 
^ Orkers Were unaware that the effect of strychnine is to blocka e 
Dbitory Synapses, but they recognized that strychninization s 
Jam a situation in which cortical activity easily goes out o: 

nds, so that weak stimulation can produce the kind of effect 
ich js normally expected only from very intense stimulation. 
ence, we may point out, the susceptibility of a strain of rodents 


to d i 
E logenie seizure would indicate relative weakness of the corti 


EL à ibi H BB * rea- 
sonap tory process, rather than excitability, and it would be 


© to expect that just these animals would also be more prone 


uU 
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to experimental neurosis from frustrating experiences which tax 
the inhibitory power to its limits. This is consistent with Pavlov's 
view of experimental neurosis, to be stated in Chapter 9, and throws 
some light on the results obtained by Maier (1949) in his studies 
of frustration. 

Jung and Tónnies (1950) state that "The counteractions by which 
the brain normally prevents synchronous discharges and convulsive 
excitations are of greater physiological interest than the convulsive 
phenomena themselves." The fact that we do not experience con- 
vulsions at such times as awakening in the morning indicates, they 
say, that "there must be controls effective, established by some 
regular physiological limitation of excitation." Convulsions take 
place only when this normal braking activity fails. 

Another indication of the importance of local inhibitory processes 
in the cortex is found in the record of activity which is observed in 
isolated slabs of cortex, which have no remaining neural connection 
with the rest of the brain although the blood supply is maintained. 
Burns (1951, 1958) found that the electrical response to à single 
external stimulus applied to such a slab would characteristically 
consist of a prolonged series of “afterbursts,” which might then 
often terminate with such suddenness that it could not be thought 
of as simply dying out, but only as being brought to a stop by some 
limiting process, the operation of which was already manifested in 
the regularity with which each strong burst was succeeded by @ 
phase of quiescence. . 

Still another indication of the importance of inhibition in corti- 
cal activity is the fact that in most parts of the cortex, outside of the 
motor area, direct electrical stimulation is far more likely to produce 
an arrest of overt activity than to initiate either action or conscious 
experience. Although this effect is sometimes attributed to the 2?” 
physiological interference with the cortical processes, it is more rea- 
sonable to look upon it as the natural consequence of generalized 
activation of all units in an area in which inhibitory synapses are 
more numerous, or at least numerous enough and so strategically 
placed that their general activation can check any excitatory pro 
ess. Perhaps the motor area is the only portion of the cerebral cot- 
tex in which excitatory processes clearly predominate (but eve? 
here, excitation of any point gives rise to strong inhibition at thé 
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uu Dane point of the opposite hemisphere), so that generalized 
Reia. is likely to produce an effect which propagates. Penfield 
Operati & Roberts, 1959) describes the procedures he follows in 
and aer on cases of focal epilepsy. He explores the temporal lobe 
stylus sani to the speech mechanisms with an electrical 
a "in UP engaging the patient in conversation. When he finds 
iin at which stimulation produces an arrest of the patient's 
cred E transitory aphasia, he knows that this point must be 
end. . ecause it is likely to be essential for speech. On the other 
Which points which give rise to conscious experience. mark areas 
Very f are dispensable, and such a point may sometimes be the 
to Ui from which the epileptic attacks start. It is plausible 
f ei that the points at which arrest occurs are those where in- 
Units d 2e predominate, so that indifferent stimulation of all 
Which Ses SANY: ongoing excitatory activity, and that the points at 
a Wie ial phenomena are elicited are those where there is 
Teadil s deficiency of inhibitory synapses, from which excitation 
€ Propagates. 

Potenti D an awareness of this underlying cortical inhibitory 
at e » Which tends to make any excitatory process self-limiting, 
non M. must consider the nature of cortical arousal. The phenome- 
Waves arousal is defined objectively as a shift in the pattern ge 
ig a cu recorded in the electroencephalogram, in the direction [o 
a str Tequency and lower voltage, with desynchronization ds 
Volta «nil predominating rhythm. In the normal adult, slow high 
charan, waves are found only in sleep. Relaxed wakefulness is 
£ Picea by so-called alpha waves, whic 
Alertness = twelve per second and a potenti Fade sdb ud 
hich a characterized by “alpha blocking” or ee : ie 
Potenti; e waves are more rapid, less regular, an es 
is ingens This phenomenon was mentioned by H. Berger (1929) in 


is : 29) i 
Initia] publication on the EEG, and it has become a basic cri- 
The measured potential 


e 
din applied by the neurophysiologist. 1] 

^ d instant is thought to be a summation of the activity of all 

Ow a in a given area, but there is no clear understanding of 
impuls is fluctuating surface potentials are produced by the nervous 
Sven i S. The number of elements which are simultaneously active 
" à restricted area is so great that a sum of randomized activi- 


h have a frequency 
al of about 40 mV. 
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ties should be very nearly constant, and therefore the occurrence of 
wavelike potential changes indicates the influence of some non- 
random factor. Speculation regarding this has generally been in 
the direction of assuming some pacemaking or recruiting tendencies 
of excitatory character, which cause large populations of neurons to 
“beat” in unison during sleep. Presumably this effect would be less 
marked as more elements are activated by inflowing impulses, so 
that we have the paradox of decreasing net potential change as the 
total energy expenditure increases. However, we should like to sug- 
gest the need to explore the converse possibility: that the wave 
potentials are the result of temporal characteristics of the inhibitory 
processes which limit maximal excitation. One can readily imagine 
that when the overall activity is low, so that units discharge in- 
frequently, the inhibitory synapses remain relatively inactive until 
a moderately high potential is built up; they then come into play 
in large numbers, causing a fairly widespread hyperpolarization. 
Summative potentials would be high, and the cycle of activity rela- 
tively long. As excitation increases, inhibitory activity is mobilized 
more rapidly, but the oscillatory effect remains, because each time 
that excitation is locally reduced, a phase of decreased inhibitory 
activity follows, permitting the excitation to rise again. Thus, it iS 
the rhythmicity of inhibition which underlies the EEG, just as it 
underlies the rhythm of locomotion and of other motor activity. This 
hypothesis is in agreement with the fact that responsiveness of cor- 
tical units to sensory excitation fluctuates with the phases of the 
wave of the EEG, which in fact reflect the fluctuation of local in- 
hibitory activity.? 

Leaving this speculation aside, we return to the fact that arousal, 
objectively defined as desynchronization of brain waves, can be pro- 
duced either by some attention-capturing external stimulation (such 
as the sound of a buzzer which has been used as a signal for food) 

? This hypothesis would not be invalidated by the fact that a lesser portion 
of the apparent facilitation of sensory input, due to reticular stimulation, takes 
place at the thalamic level (Bremer and Stoupel, 1959; Dell and Dumont, 1960). 
It is interesting, however, to consider the implications of the paradox noted by 
these authors, that reticular activation does not facilitate peripheral stimulation 
in the same way as central electrical stimulation, and even tends to depress 


the former. Evidently, the nature of the effect produced by the reticular 
activation is changed by collateral sensory influx into the reticular formation 
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Or by direct stimulation of any one of many brain structures, in- 
cluding the brain stem reticular formation, some portions of the 
hypothalamus, the thalamus, the amygdala, etc. In Figure 3, the 
mechanism of arousal is symbolized in two ways: by a single line 
from the reticular formation to the cortex, which branches into 
terminations in several directions, and by several lines running from 
the thalamus to different parts of the neocortex. The one line with 
Several branches symbolizes the general arousal system of the brain 
Stem reticular formation, which was first described by Moruzzi and 
àgoun (1949), and which has been prominent in the research of 
the Magoun group. The several lines from the thalamus symbolize 
the area-specific arousal system which has been stressed by Jasper 
and his coworkers, The distinction should not close our eyes to the 
fact that there is considerable differentiation in the fine structure of 
© reticular formation. Indeed, Olszewski (1954) states that there 
ie Scores of nuclei in the reticular formation which can be iden- 
anod by the morphological characteristics of a single cell. More re- 
ent research, some of which will be discussed in Chapter 11, tends 
° emphasize that even the general arousal system includes sub- 
‘ystems which are capable of exerting quite specific modulating 
Influences, 
We know very little about the cortical events involved in arousal. 
abel when a condition of arousal exists in a given sensory P 
lon area, the organism shows greater responsiveness to stimuli 
° onging to the corresponding sense modality. This does not neces- 


sarily? i 
wily involve facilitation, if facilitation is taken to mean a booster ef. 


oe h more reasonable to 
Ne excitati ocess. It seems much m t 
pen a disinhibition—that is, 


A n that th ess consists in 

cndhibition iraque ee elements which of themselves 

tion, ^s We have seen, to dampen sensitivity to all kinds of d 

Fror neh a disinhibition may be either selective o? EX en 

Be “a his point of view the arousal effect is only a release trom 
orzalized tonic inhibition which is normally exercised over a 

tho tation, The phenomenon of habituation, on the p yen 

bgi the lack of arousal to an oft-repeated stimulus without bi 

i si 


lishment 


i the establishment or reestab- 
Fee Ta e li which had previ- 


of such inhibitory suppression over stimu 
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ously been exercising an arousal effect. This would represent an 
absence of disinhibition, and hence the continuation in force of the 
regular dampening inhibitions. 

Summarizing the implications of the entire chapter, we may say 
that the scope of inhibition is so broad that it touches on all of the 
elements that enter into behavior. If there is any instance of action 
by the organism which can adequately be described as “response 
to a stimulus,” without reference either to disinhibitory release or to 
inhibitory suppression of other competing reaction patterns, then it 
is so isolated from all the other response mechanisms of the or- 


ganism that it scarcely needs to be considered as a part of “be- 
havior.”* 


3 Descartes, in his treatise on the passions, pro uro- 
logical theory of arousal and habituation, He es a PE first o 
Six primary emotions, but says that it differs from the others in that it is not 

accompanied by any change in the heart or the blood." "It is caused first by 
an impression in the brain which represents the object as unusual E therefore 
worthy of attentive consideration, then by the movement of the animal spirits, 
which are made by this impression to flow with great force to the part of the 
brain where it is located, in order to Strengthen it and maintain it p" am 
it also makes them pass from there into the muscles which serv i hold the 
organs of the senses in the same situation, so that it will still be maintained by 
them, if it is by them that it has been formed." (Compare Pavlov's definition of 
the investigatory reflex, quoted on page 234) And as to habituation: "It i$ 
certain also that objects of the senses which are new touch the be in in arts 
not accustomed to being touched, and that since these parts are we e tender 
or less firm than those which have been hardened by frequent t ti n, the 
effect of the movements they induce is thereby increased.” 3 ii 
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de Dope like the first, is concerned with the statement of a 
scien em; but this time it is the central problem of psychology as a 
def ce. We shall try to show, first, that psychology can be usefully 
Es as the science of behavioral choice, and second, that every 
grad of behavioral choice necessarily involves inhibitory func- 
Wm : The discussion in the present chapter will deal largely with 
will 1 as it is expressed in overt actions, while the next chapter 
whe. ^ with the sort of behavior which Sechenov had in mind 
Ta ne said that “Thought is a mental reflex reduced to its first 

; pop of which the last part, the movement, has been in- 
The special place of psychology among the other life sciences 
E entirely a matter of historical accident and tradition. Contrary 
als nother view expressed by Sechenov, it is desirable and probably 

© inevitable that there should be a specialized group of be- 
History seems to sup- 
ue to the definition of psychology’s 


is 


: d men who call themselves psychologists and by men who c 
selves physiologists. 
133 
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circulation of the blood, which is often regarded as the beginning of 
modern physiology, could not have been achieved by someone who 
did not have the whole organism as the object of his study. 


hich offers food in one alley and not in 
rst case is “forced,” while in the second 
- The Physiologist is concerned with the 
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demonstrate readily enough if it is put into a novel situation) 
chooses" to turn right. Á 
eo say that the position of the psychologist depends, like 
es "s of the resourceful fugitive in the play Colonel Jakob- 
I: ides the condition that there must always be two possibilities." 
"eie = not two possibilities of action, the fugitive has lost the 
enc survive by his wits, and the psychologist has lost his pro- 
idisse (on d'étre—to study how living creatures survive-by- 
Vis al 5 erefore the psychologist intervenes, contrary to the ad- 
Such za OPE that no one but a physiologist should meddle in 
sedi ters, whenever there is a strong hint of that lack of cor- 
mes oris betweeen input and output (to translate his remark 
et jargon) which Sechenov stated to be the principle 
cholog ate of cerebral activity. It would be presumptuous of psy- 
pet Aa claim to be the science of behavior, but there is good 
Not all on it the science of behavioral choice. . . 
Very sim fee of response are examples of choice behavior. The 
than o plest lifelike things, the viri and the microbes, have more 
Chien mode of existence. They cannot, like Hamlet, ponder the 
Buna z of life and death in ideal terms, but when outrageous for- 
án "tii the pH above a critical level or causes too extreme a drop 
tike perste, they do somehow transform themselves from an ac- 
iiiz passive mode, better to conserve their specific form of or- 
Sponse ion. This is not choice, because it implies no variation of re- 
he m constant environmental conditions. 

een the extremes of viral or bacterial encystment on the one 

his choice between 


Nan, : 
a a, and Hamlet’s agonizing deliberations in 
ctio E 

the other, there is a broad 


Still outside the limits of the psy- 


EI 5 
od ors of quasi-choice which strongly attract the spectator-in- 
Organic the psychologist despite the fact that they take place on an 
ample Tather than an organismic level. We are interested, for ex- 
y de the problem of the embryologist who seeks to determine 
ni given bit of undifferentiated tissue becomes, in a certain 
ested ment, gut instead of jaw, or eye instead of leg. We are inter- 
in the problem of the neurologist who studies the regeneration 
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of severed nerve fibers, when he seeks to learn why it is that the 
jumbled fibers of a single nerve somehow find their separate ways 
back to thir proper muscles, These problems are close to those of the 
psychologist, not merely by an affinity of subject matter, but because 
of the way in which they are posed by the embryologist and the 
neurologist: not in the form—What causes this result?—but in the 
form—Why do we get this result rather than that? 

Psychology begins when we view the behavior of the total organ- 
ism and ask the question, Why does it behave sometimes this way 
and sometimes that? Behind that sometimes, that stigma of incon- 
sistency, there may be a problem of satiation, or of learning, or of 
instability, or of individual idiosyncracy, or of volition. What is im- 
portant is that the problem for investigation is not formulated in 
terms of different responses to different conditions, not as a ques- 
tion of whether this or that change in external conditions will pro- 
duce a different response, but in terms of different responses which 
appear under the same conditions. By this it is not intended to imply 
that the determinants of each response are not fully accessible to ex- 
planation or even control, but only that they include a special kind 
of instability which attracts the interest of psychologists. The source 
of response variability is being sought in the organism rather than 
in the environment. 

To make our meaning clear, let us consider some activities which 
are not essentially psychological, although they are sometimes 
labelled as psychology. One of these is the ability of the organism 
to respond differentially to different physical stimuli, such as dif- 
ferent wavelengths of light. This is sense physiology. It is an area 
of physiology with which psychology has especially close histori- 
cal connections, but it remains physiology even when it is per- 
formed by men who call themselves psychologists. The physiologi- 
cal nature of such a problem is evident when one considers that the 
basis of such differential response can be two unrelated, noninter- 
acting mechanisms, each with its own receptor and its own effector 
apparatus. However, it is à necessary basis for the psychological 
ny problems in perception, in which it is neces- 
nt of the different ways in which the same or- 
nd to the same set of stimulating conditions. 
n an organism which originally gave the same 


sary to take accou 
ganism can respo 
Furthermore, whe: 
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response to different stimuli, comes after experience to respond 
differently to them, this fits the definition of choice, since it neces- 
sarily involves different responses, at different times, to the same 
Physical stimulus. It therefore represents a psychological problem. 
Another such area is the study of the limits of performance, 
Whether in muscular fatigue, or agility, or staying awake. These 
are physiological problems, even though the skills needed to investi- 
Bate them are more commonly acquired by psychologists. How- 
ever, tests of intelligence are specifically psychological, because such 
tests cannot achieve their purpose, any more than tests of per- 
Sonality or interest, without giving the subjects a choice of re- 
amie The study of muscular fatigue per se is physiology, buta 
gt y of fatigue which concerns itself with the effect of knowledge 
dup s on the limits of performance is psychology, because it 
Pers with the variable degree to which physical capability is 
ieved under different circumstances, and this is obviously an 
aspect of choice, 
F ar more important than these jurisdictional disput 
lendly Sciences is the following objection which might be raised 
Against the statement that psychology is concerned essentially with 
Problems of choice: What of all the research which deals with the 
fone of groups that have been subjected to different treatments— 
tice good versus poor mothering, or massed versus distributed prac- 
tegen which aims at establishing correspondences between the 
indi ments and the observed group behaviors, while dismissing all 
ividual differences as the consequences of error variables? How 


c : : 
an We reconcile all this concern with the shaping of behavior by 


enyi A RC : 
« ,lOnmental influences with a presumed exclusive interest in 


Choice" 
lig answer is that when psychologists are not det dif- 
Se ic of responding to the same poor mothering, or different 
are į " responding to the same stress of massed practice, then they 
Dvestigating the different kinds of behavior that arise, in some 
er standard situation, as a result of, but not in response to, dif- 


er 1 1 » * H 
ent prior treatments, The "different environments with which 


We en 
fin Sal as psychologists must be interiorized, they must somehow 


Organ; ithin the organism and as part of the 
Sanism, before material for psychological investiga- 
they become psy 


es among 


138 Choice: The Central Problem of Psychology 


tion. We do not ordinarily investi 
ate situations unless it is to com 
is, their influence on the mecha: 

For an organism to exhibit ¢ 
it can perform at least two diff 
Therefore the existence of ch 
internal conflict, As animals 
of choice become more nume 
shown by a greater likeliho 


gate responses to different E 
pare their motivational effects, t 
nism of choice. 

hoice, it must be so constituted that 
erent responses in the same d 
oice always implies the Lure de 
grow more complex, the possibili : 
rous, and the choice—or the pe 
od for some responses to occur rat e 
tion—is very often influenced by a Wi 
- At the highest levels, the choice cte y 
eir imagined effects, and the possibi A 
ning appears. However, all these ae 
€ based on the mutually inhibitory 


t 
H cen 
de Paramecia that have had re G 
experience with 4 food-coated Wire are more likely to attach the? 
Swim away, Whether this is lea™™ 
ns true that the 


his ca o 
" Pacity for choice rests up z 
mechanism which is able to suppress lh of the alternative "° 
sponses. The mechanism which prob 3 
the so-called “h, P 


EC 
a ably performs this function Í 
ciliata. Kudo (1954) nfi Pparatus” wh, 


: he 
i « Which is present in all of p 
neuromotor systex ae that “a striking feature common to * 
from which radiat gb that there Seems to be a central motoriu? 
late fibers to differ as ich 
e » hi 
nt ciliary structures,” and W 
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appears to coordinate their activities. More than this is required 
for learning, but this must come first. Learning can appear only if 
the original repertoire of unlearned behavior includes a capacity for 
the suppression or inhibition of some unlearned response. 

The flatworm and the earthworm provide, as we know, much 
better documented instances of docility. What is more important 
for us, they exhibit clear evidence of spontaneous variation of re- 
Sponse in the same situation, and it is interesting to consider the 
relationship between this primitive kind of choice and the rudi- 
mentary learning of which they are capable. Let us keep in mind 
that in the worm’s world, its variability of response contributes more 
to its survival than does learning. Harlow (1958) points out that the 
Worm’s ability to “learn a spatial maze ... in a faltering and 
SE hemeral way in a few hundred trials” cannot possibly have had 
eee value, and therefore we must suppose that the capacity 
Be ned has arisen as a by-product of some other developmental 
i - The answer which he suggests is based on the generally ac- 
he. ed fact that the development of brain is correlated in evolution 

ith the development of receptor capacities. 


v. long as increasingly complex receptor systems provide the organism 
HR à slight survival advantages, one can be assured that increasingly 

plex nervous systems will develop; and as long as increasingly com- 
Plex nervous systems develop, the organism will be endowed with greater 
potentialities which lead inevitably to learning. From the behavioral point 
is view, the evolution from reception to learning is inevitable. Reception 
s progressively aided by the development of mechanisms of sensory 

"arch, fixation, and attention. To be efficient, reception involves both 
. . The development of a maximally 


1 BN 
€rentiation and generalization. . 
of mechanisms and proc- 


effect; : 
eg receptor system leads to the formation : 
es basic to learning or involving learning which indirectly improve the 


Clency of operation of the receptor processes (Harlow, 1958, p. 275) 


i € can accept this statement, if it is understood that the “mecha- 
Peg of sensory search, fixation, and attention,” all represent proc- 
uu of inhibition. At this stage, in the earthworm, it is only the 
€chanism of sensory search which is prominent, in the worm’s 

1 " . R 
Later in the same article Harlow describes learning as primarily a process 


of inhibit; ^ x 
he inhibition, His remarks on this question will be discussed in Chapter 12, but 


Ses not relate them to his argument that receptor development provides the 


init; 
itia] basis for learning. 
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penchant for stopping now and then to lift its anterior tip just a bit 
and wave it about, or test the feel of things on the ground to the 
right and the left. This behavior would not be possible without a 
cerebral ganglion, and doubtless the ganglion would not be there 
without the greater concentration of receptors in the head region. 
But although the earthworm’s capacity to learn its way about 4 
maze makes no direct use of the exteroceptors, which can give it no 
clues to the correct turn, it is assuredly related to this disposition to 
frequent interruption of its movement, and its employment of à 
kind of testing behavior in which the two lobes of the cerebral 
ganglion seem to exercise an alternating dominance. The capacity 
for fixation is still quite rudimentary, but we see its beginnings in 
the ability of the worm to "follow its nose," right or left, after it has 
laid down that probing proboscis and resumed its locomotion. For 
the worm cannot turn all at once, and as each successive segment is 
stimulated to follow its predecessor by a gentle tug, the turn also 
moves in a wave down the length of the organism, each segment 
being forced to follow in the direction which the head has chose? 
as the asymmetrical tension of the longitudinal muscles of one se£ 
ment gives rise to a similar asymmetry in the next, Somehow a trace 
of this asymmetry remains as a basis for a habit of preferential tur" 
ing toward one side rather than the other, Whatever the nature 9 
this trace, it is clear that the event of learning has been facilitate 
by the innate disposition to exploratory and orienting behavior, that 
is, by the mechanism of sensory search. 
It is uncertain whether the cerebral ganglia make any contributio? 
to the worm’s docility, as tested in the restrictive paths of the T 
maze. Yet surely the capacity for spontaneous alternation of response 
—which is more frequent than would be expected by chance in the 


intact worm and falls below chance levels when the anterior gangli? 


are removed—contributes to the possibility of adaptive choice among 
the possibilities offered by the little Space in which the worm nor 
mally moves. As the worm extends its tip this way and that, it stretches 
its life-space just a little bit. This marks a bright new band in the 
spectrum of choice, and one which may be a more important step 
in the evolution of adaptive behavior than the appearance of lear?” 
ing. If we free ourselves from our special human point of view—aD 


a school-bred view at that—we must recognize that animals generally 
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make less use of learning than of the disposition to explore the 
reality in which they move, on one side and another, and to choose 
the part of it into which to venture by preference. This disposition 
is at the same time a preparation for learning. The spontaneous 
fluctuation of responses (which we call "spontaneous alternation" 
When, experimentally, we allow the animal no more than a choice 
of two responses) is characteristic of the behavior of higher animals 
In any problem situation. 


The arthropods are notable more for the rigidity of their behavior 
than. for flexibility, and therefore they provide an interesting test 
of Harlow’s hypothesis that receptor development inevitably creates 
the capacity for learning. In them, the evolution of the sense organs 
as made notable advances: there are special feelers for tactile ex- 
Ploration of the near environment, image-forming eyes for explo- 
ration at intermediate distances, and chemoreceptors which, in the 
sects, attain an almost incredible sensitivity which gives even 
Breater range to their explorations. There is also a new wealth of 
Proprioceptors giving information about movement and position of 

€ limbs, a static sense which permits orientation to the vertical, 
and organs which respond to sound vibrations. 

Owever, there is an aspect of the development of the receptor 
Unctions of the arthropods, and especially of the insects and spiders, 
Which too often escapes our attention and understanding because it 
4S so unlike our own experience—i.e., the extraordinary specificity of 
*€sponsiveness to certain sources of stimulation. The insect's pref- 
“rence for a particular food, which covers the fresh rosebud with a 
crowd of aphids, or brings fruit flies suddenly out of nowhere after 
We have cut open a ripe melon, or the ability of a male butterfly to 
track down a female of the same species when it has been released 
91 the other side of a metropolis (despite the assorted olfactory 
°nslaughts of urban civilization), testify to the fact that, contrary 
to Harlow’s supposition, it is quite possible to develop receptor 
"nctions in a direction which does not facilitate behavioral flexi- 
ility. The insect’s precise adaptations evoke wonder in us not only 
cause we are often ourselves insensitive to the particular stimuli 
to which they are attuned, but also because our own experience, 
Which has been conditioned by a very different kind of wide-range 
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receptivity, leaves us unprepared to recognize the extraordinary 
specificity of receptor function which dictates response to one 
particular stimulus among all, as well as the sharp fluctuations of 
sensibility which govern the succession of reactions in a chain of 
behavior. For the organism which, at a given instant, is endowed 
with incomparably more acute sensitivity to one form of stimulation 
than to all others, it is just as natural that the source of this stimu- 
lation should be the focus of activity as it is for a child to suck à 
lollipop that is put into its mouth, or for the tongue to probe à 
hollow tooth. To understand the marvellously adaptive behavior © 
these creatures, the most important thing is to understand the modi- 
fiability of their receptor functions. 

In its extreme form, the prepotent stimulus is the basis for * 
dramatic kind of behavior which seems to be less a form of choice 
than of enslavement. The organism is so completely bound to 4 
single stimulus that response variability is virtually absent. The 
moth beats its wings against the lamp that will incinerate it, oF the 
beetle engaged in copulation allows its body to be dismembere 
rather than interrupt this highest-priority act. In such cases 0D? 
stimulus is endowed with an overwhelming valence, and by c0? 
trast all other stimulation seems ineffective. However. the element 
of choice appears in the fact that the same creature may respon 
differently at another time, and the shift from one kind of sensi 
tization to another may occur quite suddenly. It used to be natur? 
for us to think of all such changes as due to the temporary sensi- 
tization of specific receptors by some hormonal influence. Now that 
we know how widespread and how powerful the phenomenon 0 
sensory inhibition is, we must ask ourselves Whether the specificity 
of insect reactions is not determined in great measure by the neuf? 
inhibition of competing receptor functions. One can even imagin® 
for example, that there might be the same ki 
lationship between receptors determining ap 
receptors determining approach to a sex objec 
nistic muscles of the same limb. 


nd of reciprocal ud 
proach to food a” 
t, as between anta? 


Among the vertebrates, prepotency never appears in such 9? 
extreme form as with the arthropods. But it appears in milder form? 
for learning itself is very often a matter of establishing preferent? 
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among stimuli which are originally equivalent. One striking example 
of this is the phenomenon of imprinting, as it appears in the behavior 
of young birds. Lorenz (1952) relates how he demonstrated this 
phenomenon, to the immense amusement of townsfolk staring over 
the fence of his yard, by getting down in the tall grass with a group 
of newly hatched goslings and imitating as well as he could the 
bodily movements and the voice of the Mother Goose who had been 
removed. Thus he succeeded in having the goslings imprint his 
image and learn to follow him in the usual sort of barnyard parade. 
The fact of imprinting has since been demonstrated, with fewer 
histrionics, in laboratory experiments which permit the general con- 
clusion that young birds of many species tend soon after hatching 
to follow any object in the near environment; and if they have had 
the Opportunity to exercise this disposition with respect to a given 
Object during a critical period which may last for several days, they 
ae a strong preference for this object over others (e.g., Jaynes, 
Thus, imprinting represents a process by which an initial dis- 
Position to respond positively to any object of a given class becomes 
quickly narrowed, so that it is available only to one member of that 
Class. Tt is not simply the establishment of a preference which will 
© exercised when two stimuli are presented, nor the consequence 
OF a passive decay which overtakes the disposition when there has 
been no opportunity to exercise it. It is the simultaneous strengthen- 
ing of a disposition to respond positively to one stimulus and the 
active extinction, before decay otherwise would set in, of an original 
ISposition to respond similarly to many other stimuli. Hence it 
Must be regarded as in part the expression of an inhibitory process. 
. Although imprinting has been most carefully studied in birds, a 
Similar phenomenon seems to be important in the development of 
affectional relationships among mammals. Critical periods for the 
evelopment of social relationships, particularly those of dominance, 
ave been described for dogs, sheep, and other species. Lorenz 
1952) contends that breeds of dogs can be classified as belonging 
to two main types, descendants respectively of the wolf and the 
Jackal, which show such different characteristics of the imprinting 
Process that the members of one group (like the chow) are typically 
one-man dogs, who exhibit a lifelong devotion to a single master, 
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; d 
while those of the other (like the airedale) acquire new € 
masters with ease, which makes them rather valueless as ks - E 
From this, the leap is obvious to the less-standardized P "rhet the 
of human love. Legends of magic potions which insure Kenia 
drinker will fall in love with the first face he sees on s ra 
testify to the fact that something very like imprinting is nant the 
to human experience. The infantile fixation on the mo nate al 
adolescent selection of an ideal, and the adult selection of a y ed h 
bear some resemblance to this process. The social meaning a 
of these forms of attachment cannot be understood en, o! 
nizing that there is a simultaneous development of "e. the 0C 
inhibitions. Every positive choice in life is simultaneous y 


: ese may 
casion for many-sided restrictions on behavior. Although th 


«ions 
es trictio 
go unnoticed at the time, it is often the case that these res 

or inhibitions represent, 


*anifican 
» in the long run, the more signif: EG 
changes, tending to influence behavior in many other pane 
well. Although there is a good deal of historical and pipe 1 
evidence that the choice of a mate, in particular, is not m4 


: gon 
absolutely and exclusively by humans of either sex as by pig 
for example, it is neve 


companied by some 
merely moral, of sexual 


-—n 
y kinds of preferential learnin& 


something new, or to do any"? 
it has learned a cue for doing to 
comes naturally, G. Murphy (1947) applies the term canalizati e 
the positive aspect of all such learning, and he defines canaliza rio 
as "the progressive shifts in differenti i 


means of satisfying a drive.” While recognizing this usage, E 
and English (1958) gi iority i i 


eir dictionary to the fo et 
definition: "restricting a particular behavior pattern within nar?! ae 
limits: e.g settling down to take the same path home, 2 of 
period of trying out various alternatives," Indeed, the digging alls 
canal is quite likely to leave levees raised on both sides, so that ow’ 
are built up at the same time that the channel is prepared pest 
ever, the illustration given by English and English is not the ne” 
that could be chosen, despite the fa 
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non which most of us have experienced. The essential thing about 
the process of behavioral canalization is that it eliminates untried 
paths, which intrinsically are quite as good as those that come to 
be frequented, and would originally have been quite as attractive. 
This appears clearly in Murphy’s illustration—that we become 
accustomed to a national diet, and therefore reject strange foods as 
unpalatable. However, the element of inhibition is clear in either 
Case. One does not simply learn to like rice or potatoes; one also 
acquires, though without “learning” in the usual sense since there has 
been no trial, a reduced readiness to consume and enjoy the untried. 
William James described this phenomenon as the “inhibition of 
Instincts.” 


The law of inhibition of instincts by habit is this: When objects of a 
Certain class elicit from an animal a certain sort of reaction, it often 
happens that the animal becomes partial to the first specimen of the class 
on which it has reacted, and will not afterward react on any other speci- 
men. . . , Another sort of arrest of instinct by habit is where the same - 
class of objects awakens contrary instinctive impulses. Here the instinct 
first followed toward a given individual of the class is apt to keep him 
from ever awakening the opposite impulse in us (W. James, 1890, I, 
Pp. 394 ff), 


The general principle we have been making applies to many 
Varieties of choice behavior, which will be subjects of discussion in 
future chapters. Whenever choice appears in any formas a rivalry 

etween appetities which cannot be simultaneously satisfied, as a 
perceived meaning attached to an ambiguous stimulus, as a planned 
decision between two courses of action, as the symbolic fulfillment 
of an unsuspected wish—it always involves an element of inhibition. 
It is obvious that in every case where one act is performed, another 
Must be inhibited. However, the role of inhibition in these com- 
Plex forms of choice behavior is much more than merely to exclude 
the rejected possibility. Until the moment of choice, the act-to-be- 
Performed has equal status with its rivals, which is to say, it is 

eing inhibited. The moment of choice is a moment of disinhibition. 
A Psychological theory which does not recognize this fundamental 
fact is not likely to grasp the true dynamic quality of behavior in 


any sense, 
Let us consider the application of this principle to the question 
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of volition, or choice qua choice, the very heart of our problem. 
What is volition, or “will”? The question was a lively one — 
Morgan's contemporaries, and we recall that Morgan himse* 
thought that inhibition was the key to the problem. We shall con 
trast his views with those of Ziehen (1898), an emphatically physio- 
logical psychologist who recognized no laws other than those o 
association as governing the processes of mind. "m 
Ziehen's published course of lectures comes to a climactic e 
in his discussion of Will. “Meine Herren,” he began—and it is es 
to include this formal introductory opening to remind us of a 
tense atmosphere of the lecture hall at the University of jen 
scarcely fifty miles from Leipzig where the more prestigeful Wun i 
proclaimed his “voluntaristic psychology,” as the young men pre 
pared to note well the final lecture in a distinguished series: 


We have seen how the countless material stimulations of the enviro”: 
ment lead to cortical excitations, to which the sensations of the eco 
realm correspond. We followed those excitations through the cerebro 
cortex, by way of the association fibers, into the motor area; from pe 
the physical excitations were led out again toward the periphery, qe 
they released muscular contractions. Mentally, the associative play 
ideas corresponds to the transcortical process, and the ensuing movema i 
was designated by us, in psychological terms, as behavior. We were * 
to derive the latter, in a completely satisfactory manner, according to a 
laws of association, out of sensation and out of the memory images 
former sensations, the ideas, and thus we traced the psychical process is 
its final constituent. However, here we come up against an hypothe 
which used to be accepted by psychologists almost without exceptio» 
and one which has been reached, apparently unconsciously, by the n 


mon human understanding of all times: I mean, the assumption ° 
special “Will” as a cause of our actions. - . . What does it mean, W b 
I say, "I will walk"? Or better said, what psychic content is expressed y 


the act of speaking the words, "I will walk"? Obviously, nothing but this: 


the motor image of my future walking occurs to me with great intensity? 


and is accompanied by a markedly positive feeling-tone, and at the same 
time the ideational constellation [Ziehen's name for the influences arisi”? 


from other associative tendencies] is such that those ideas which facilitate 
the emergence of the motor image of walking, and which by theif 
irradiation strengthen the positive feeling tone connected therewith, P! 
dominate over the inhibitory ones. . . | The expression “I will” desi” 
nates the objective status quo in the brain, | |, There is no reason for 


assuming a special faculty of volition (Ziehen, 1898, p. 251 f.). 
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It is clear that Ziehen, clinging resolutely to the strict separation 

of mind and matter, is seriously hampered by a lack of understand- 
ing of the inhibitory process, although the relevance of inhibition 
to the problem of will does not entirely escape him. What he lacks; 
what even Sechenov lacked in a not dissimilar discussion; what the 
child lacks when, playing at philosopher, he tries to catch himself 
jumping before he wills to jump, is the principle of disinhibition: 
the realization that each act is not the outcome of facilitations which 
must overcome inhibitions, but the expression of a “release” in 
which neural inhibitions are the agents of the positive impulse to 
action. Since we no longer have any difficulty in understanding the 
Physiological means by which an excitatory impulse brings about 
the inhibition of an inhibition, we are indeed well on the way to 
solving the problem of volition. 
_ Lloyd Morgan (1891) based his high estimate of the importance of 
inhibition on an inference not unlike that of Sechenov: that without 
inhibition all excitation would flow directly into motor activity, but 
the arrest of motion creates the opportunity for mind to occupy 
itself more and more completely with the central processes, per- 
ception, and emotion, and also, in human beings, conceptual 
thoughts and emotions." Most particularly he saw inhibition as the 
basis for volition: 


. I believe that volition is intimately bound up and associated with 
inhibition, I go so far as to say that, without inhibition, volition properly 
So called has no existence. When the series follows the inevitable se- 
quence; 


stimulus : perception : emotion : fulfilment in action 


—the act is involuntary. And such it must ever have remained, had not 
inhibition been evolved, had not an alternative been introduced, thus— 


" " " fulfilment in action. 
stimulus : perception : emotion : < inhibition of action. 


At the point of divergence I would place volition. Volition is the faculty 
9f the forked way. There are two possibilities—fulfilment in action or 


inhibition (Morgan, 1891, p. 459). 


Where Ziehen argued against the need to recognize any element 
of choice in behavior, Morgan sized upon inhibition as providing a 
possible explanation of choice. His is surely the more insightful 


148 Choice: The Central Problem of Psychology 


analysis, especially since he recognized that the amplification of his 
hypothesis must wait upon a better understanding of the physio- 
logical process of inhibition. The weakness in Morgan’s formulation 
is that the “forked way” of his schema has two meanings, of which 
only one is legitimate. In the evolutionary sense, it is permissible 
to state that volition arises at the “point of divergence” where dur 
mediate fulfillment of impulses is replaced by inhibition of action, 
if we understand this to mean not the first occurrence of inhibition, 
but a relatively high stage of its development. (It is interesting to 
note that Freud only a few years later arrived at a similar formu- 
lation, in which he emphasized the importance of deferring con- 
summatory acts, and the part which this plays in the development 
of rational thinking.) But Morgan slips over into confusing this 
with the "faculty of the forked way" as an attribute of individual 
behavior, which permits fulfillment in action as one possibility for 
the individual, and inhibition as another. For the individual, on the 
contrary, the "faculty of the forked way" can only mean that 
alternative acts are both subject to inhibition, and that under these 
circumstances “fulfillment in action" is never direct, but always 
involves release of inhibition. 


At this point, we should like to introduce a bit of history which 
was omitted from Chapter 3, because it would have had relatively 
little meaning for the reader at that time. In 1875, Freusberg argued 
that inhibitory effects were to be explained, not by special centers 
but by the remarkable fact that the central nervous system does not 
allow its different parts to be simultaneously activated by different 
causes. One is at first disposed to dismiss this remark as being 2° 
more than a translation into quasi-physiological language of the 
belief in the "unity of the soul" which had been such a basic tenet 
of all German philosophy since the time of Leibnitz. Brunton (1883) 
rejected Freusberg's statement as meaningless, because it “still 
leaves us in the dark regarding the way in which the central 
nervous system comes to possess the remarkable properties which he 
attributes to it.” Nevertheless, if Freusberg did not contribute to à? 
understanding of the causes of inhibition, he did put his finger 0? 
one of its most important manifestations, It is important enough t° 
deserve a name, and we shall call it, for convenience, “F reusberg $ 
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principle,” by analogy with Anstie’s principle, which it supplements 
m an important respect. Before elaborating further upon it, we 
shall take another long step backward in time. 

The reader will remember that John Buridan, who was rector of 
the University of Paris in 1327, is reputed to have said that if an 
ass stood exactly midway between two equally attractive bundles 
of hay it would be rooted motionless to the spot, unable to choose 
ctween them. Of course, no ass has ever been that much of a 
Philosopher, nor was Buridan himself so asinine; he owes his 
«mortality to the malicious invention of an opponent, who wished 
k ridicule Buridan's argument that it is impossible to resolve the 
E problem of whether the will can decide for or against a es 
Se Ts action when the motives pro and con are equally balanced. 
[3 eberweg's History of Philosophy, 1, p. 466.) However, psy- 

Ologists have sometimes conceptualized the problem of conflict 

ED €en opposing courses of action as if the body were pushed 

iS way and that by opposing forces, the vectorial resultant of 
Which becomes the overt act. This would obviously be in defiance 

Teusberg’s principle, which would free the ass to approach one 
undle of hay. 

t ls a fact that Buridan, like any competent philosopher, could 
à iberate a problem for days or years on end without reaching a 
Pm Usion, and even set a problem aside as meaningless or cd 
c. able, However, it is not possible for an ass, if he is phys y 
offe; to approach one bundle of hay, to starve because he has been 
a “ted two. For this simple creature, where there is a way there is 

Will. Hobbes long ago remarked that man alone has the privilege 
f absurdity . “and of men, those are of all most subject to it, that pro- 

ee philosophy." The Ni of this affliction lies in the fact that the 
wW losopher’s inhibitory powers have been developed to the point 

cre they are capable of divorcing his actions from reality, an 
Outcome which Nature did not foresee when she instituted the first 
Mhibitions that were designed to guarantee that an organism did 
Rot tear itself asunder in the quest of opposite goals, or, like the 


crab whi i f its cerebral ganglion, stuff its 
hich Bethe had deprived $ a 8 dir ted a 


me of the rays are able to take 
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grasp at something solid, the continuance of which would wreck 
the maneuver. Thus it is that the bullhead in Retzlaff’s (1959) ex- 
periment would each time flip its tail to left or right, never permit- 
ting the simultaneous excitation of both muscles, despite the intense 
stimulation applied to both VIIIth nerves. Thus the hungry ass turns 
happily to either bundle of hay, giving no sign of traumatic con- 
flict. These are all illustrations of Freusberg's principle. In each 
case, inhibitory controls utterly exclude what might have become 
competing excitations, and the organism retains, in Sherrington's 
words, that "singleness of action from moment to moment [which] 
is a keystone in the construction of the individual whose unity it i$ 
the specific office of the nervous system to perfect." However, 
of nature is not so harmonious. The philosopher does have his con- 
flicts, and even a child may hesitate not once but twice or thrice 
when he chooses a candy from a box of many delights. The exclu- 
sion of competitive impulses is not a universal rule. 

All of these examples of behavior, along with those we mentioned 
earlier in this chapter, have their place in the spectrum of choice. 
In which direction will the starfish flip over when it rights itself? 


Will the fish that is threatened from both sides dart to right OT 
left? Which bundle of hay will the ass favor? How long will the 
child hesitate before he selects a candy, or the philosopher delibe- 
ate his weightier problem? Inhibition will play a multiple part in 
each case, releasing one response in accordance with Anstie's princi- 
ple, often suppressing others in accordance with F. reusberg’s princi- 
ple. It is indeed the physiological basis of those phenomena whic. 
have in the past often been described as the effects of “will.” 


INHIBITORY PROCESSES IN THINKING Q 


> ps cd will deal with the problem of whether inhibition plays 
of oy, ntial part not merely in the release, restraint, and modulation 
inr T action, but also in purely cognitive or what might even be 
ter _Subcognitive behavior, that is, the neural activities which 
amples ve the progress of thought. This area provides many ex- 
al fie, of choice behavior: attention, which is an evidence of the 
frac of the organism to choose, in a degree, those aspects of the 
Sos ee to which it shall be most responsive; selective associ- 
lis be which refers to the directed, problem-oriented nature of 
choi nking process; selective perception, which demonstrates a 
pro ce of ways of responding to the same stimulation; repression, a 
ae whereby certain contents are excluded from consciousness 
“cause of painful affect which is associated with them. Among the 
— which we shall review, possibly the most interesting be- 
“Use of their surprising agreement with certain aspects of con- 


em 
Porary neurological research 


to explain the phenomena 


o A apne 
Tepression, but also as a basis for memory and the reality-oriented 


havior which he designated as the function of the ego. : 
irst, let us point out that there are two quite different ways in 
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which attention and thinking can be regarded as dependent on 
inhibitory capacity. On the one hand, one can suppose that the 
inhibition of motor impulses indirectly influences the neural events 
which are more directly involved in thinking. That is, the inhibition 
of movements favors mentation by removing a competing activity 
so that it releases nervous energy for thought. On the other hand, 
one can also look upon inhibition as an essential part of the thinking 
process itself. The first point of view need not presuppose the 
second, nor can evidence of the first kind of effect be taken to prove 
that inhibition does enter into thinking per se. 

Immediate personal experience makes it easy for everyone tO 
understand and accept the idea that inhibition of bodily activity 
favors thinking. "Stop and think!" is the standard exhortation of the 
exasperated adult to the impulsive child. Anyone who reaches that 
modest level of intellectual development at which one is aware (o) 
thinking as a process separable from action, becomes aware also 
of a degree of incompatibility between these two components of be- 
havior. It is more difficult to recognize that the incompatibility 18 
not absolute, and that complete muscular relaxation is not the 
optimal condition for mental work. The sculptor Rodin recognize 
that intense thought is usually accompanied by an increase of mus 
cular tension above the usual resting level. Indeed, there is expe?" 
mental verification of the fact that some increase of tonus Í$ 
favorable to such a task as mental arithmetic, although stron£ 
muscular exertion, like squeezing a dynamometer, interferes with 
it. But does this prove that the work, as such, inhibits thinking? Locb 
(1900) showed that squeezing two dynamometers caused less intet 
ference than squeezing one, which may mean that it is not the mot™ 
discharge as such, but the task of integrating it—which is probably 
more complex for the asymmetric than for the symmetric perform 
ance—which is the source of interference with thinking. Real-life 
thinkers often resort to simple automatic activities like pursing the 
lips or toying with a pencil. It is easy to experiment with mental 
arithmetic, but how does one experiment with creative thinking? 
Did Kant’s daily morning walk, as regular as clockwork help t? 
deepen the profundity of his ideas? Is it more than an accident that 
the solution to Poincaré’s mathematical problem suddenl occurred 


to him as he was stepping up into a bus? (Hadamard, 1945.) Some 
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one (whose name escapes our recollection) has remarked that, with 
allthe current interest in arousal functions of the reticular formation, 
we are in danger of forgetting that its primary function is as an inte- 
&ative apparatus for motor behavior. If cortical arousal is secondary 
ae activity, is it not possible that a certain amount of the 
is a prerequisite for any effective degree of arousal? 
m errier, in The Functions of the Brain (1876), argued that the 
e of movement is an essential aspect of the attentive process. 
is uring the time that we are engaged in attentive ideation we 
E actual movements, . . . [and] thereby increase the in- 
onem: iffusion, and concentrate consciousness. For the degree of 
dm ge is inversely proportional to the amount of diffusion in 
M E the deepest attention, every movement which would 
ies E. internal diffusion is likewise inhibited. Hence, in deep 
Tia » even automatic actions are inhibited, and a man who 
still.” es deep in thought while walking, may be observed to stand 
Eus it may be recalled, believed in definite localization of 
Toto functions; he thought of inhibition as a function of the pre- 
aS which is exercised upon the motor area. The effect of 
m | inhibition is only to create an opportunity for thinking, a 
Spite from action, but it does not enter directly into the process. 
S is true even when, like Sechenov, he speaks of the possibilities 
s education of inhibitory capacity: “In proportion to the develop- 
ER and degree of education of the centers of inhibition do acts of 
d ition lose their impulsive character, and acquire the aspect of 
eliberation. Present impulses or feelings, instead of at once exciting 
9 action, as in the infant, stimulate the centers of inhibition simul- 
taneously, and suspend action until, under the influence of attention, 
© associations engendered by past experience between actions and 
Sir pleasurable or painful consequences, near and remote, have 
arisen to consciousness. If the centers of inhibition, and thereby the 
aculty of attention, are weak, or present impulses unusually strong, 


Volition is impulsive rather than deliberate.” 

Indeed thinking for Ferrier becomes pretty much a matter of 
inhibiting large mo vements in order to permit small movements. 
a this he clearly anticipated the behaviorist theory of thinking as 


Implicit speech, and certainly the theory seems more acceptable 


1 
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Katty call 
when it includes a provision for an inhibitory process— b 
an object in idea by pronouncing the name in a suppresse¢ a great 
We think, therefore, and direct the current of thought T an idea 
measure by means of internal speech. . . . The recall E element 
being thus apparently dependent on excitation of the oi vocant 
of its composition, the power of fixing the attention an "— 
ing consciousness depends, further, on inhibition of the "s of the 
Ribot, in his Psychology of Attention (1889), also i cd of at- 
part which the inhibition of movement plays in the proc ch more 
tention. However, the role which he assigned to it is ee d only 
limited than that which F errier imagined, since he implie 


thought 
the inhibition of movements which are extraneous to the 
rather than those whi 


tion is characterized 
be retained in consci 
the influence of sti 
make it disappear a. 
said that this capa 


periences constitutes the 


ex 


he 
s and 
central problem of attention; Jl mové 
is assisted by the inhibition of E ani 
partial suppression of respiration, 


amous chapter on “The Stream 
E: 
-— ssi 
We see that the mind is at eve atre of simultaneous P? 
bilities. Consciousness consists in t 


her» 
he comparison of these with each oth 
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beneath, out of the mass offered by the faculty below that, which mass in 
turn was sifted from a still larger amount of yet simpler material, and so 
on. The mind, in short, works on the data it receives very much as a 
sculptor works on his block of stone. . . . The world we feel and live in 
will be that which our ancestors and we, by slowly cumulative strokes 
of choice, have extricated out of this, like sculptors, by simply rejecting 
certain portions of the given stuff. Other sculptors, other statues from the 
Same stone! (W. James, 1890, I, pp. 288 ff.). 


It is difficult to understand how James could reconcile this elo- 
quent passage with the statement that the role of inhibition in 
attention is merely incidental. When later he turned to the dis- 
Cussion of perception, a role is suggested for inhibition (which, it 
Should be remembered, he regarded as based on a kind of drainage) 

Y his statement that "it is the halting-places of our thought which 
are occupied with distinct imagery" (IL, p. 124). To explain this, he 
referred back to his chapter on imagination, where he had said that 
in the ordinary process of associative thinking “the cortical currents 
Which run in [to a given cell] run right out again, awakening the 
next idea” (II, p. 75). On the other hand, “whenever the associative 
Processes are reduced and impeded by the approach of unconscious- 
Ness, as in falling asleep, or growing faint, or becoming narcotized, 
We find a concomitant increase in the intensity of whatever partial 
consciousness may survive” (II, p. 124). In 1894, Sigmund Exner 
Published his Entwurf einer physiologischen Erklürung der psy- 
chischen Erscheinungen, in which he stressed the dependence of the 
attentive process on ‘both facilitation and inhibition. Exner was one 
of the important early contributors to the development of physio- 
logical psychology. In the period when the more verbal Wundt was 
Proclaiming the birth of the new science, the young Exner was 
already doing important work not only on sense physiology, but 


also on reaction time. His studies on apparent visual movement, 
; ; are an essential part of the history 


k on the phi-phenomenon. He 


Tecognized the importance of motor set for speed of reaction many 
Years before the distinction between sensory and motor reaction 
times was made by L. Lange (1888), in Wundts laboratory. Indeed, 
it was Exner’s awareness of the fact that reaction times could be 
facilitated in this way which led him to the concept of Bahnung, or 
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acilitation, which he then demonstrated on the rabbit (see e 
0). No one, therefore, had greater right than Exner to atten 
he difficult task of relating mental phenomena to their physiologic 
correlates. 

Although Bahnung was his own brain child, Exner showed » 
lisposition to depreciate the importance of inhibition. He says tha 
here are two kinds of attention, which he calls attentive facilitation 
ind attentive inhibition. Of the latter, he wrote: “I think of attentive 
nhibition as a state of the centers such as exists in a reflex org"? 
r in the center serving an instinctive movement, which has bee? 
timulated to action by the adequate stimulus, but is prevented fron 
icting by the will: a heightened tonus in the cells, despite whic 
lischarge is difficult." 

In other words, Exner conceived of inhibition as the actual SUE 
ression of a neural discharge, and not merely as its redirection n 
ther channels by the blocking of some outlets, as in the rob-Pet®" 
o-pay-Paul approach which had been taken by Ferrier and 
james, and was to be taken later by McDougall in his elaboration E 
he drainage theory of inhibition. Even Exner’s definition of cog 
‘ciousness includes reference to essential functions of both excitati? 
ind inhibition: "When an excitatory complex in the cerebral co e 
'eaches a certain spread . . . and thus draws into excitation oth" 
;xathways, related to frequent past experience and thus almost 
ulways facilitated . . . and takes on the already often-mentione 
characteristic of inhibiting weaker excitations . . . then we say 
t is in consciousness." 

Exner’s preferred illustrations of inhibitory effects are all aspect? 
of visual perception: he mentions the loss of the childhood illusio? 
hat objects move as we ride by, the suppression of afterimages dW 
ng eye movements, and the ability of the practiced microscopis 
aot to see the specks of dust on his microscope lens. Howeve! ad 
ilso says that just as movements inhibit one another, so also 
ny vividly imagined idea will inhibit other ideas which are i 
sonsistent with it-a remark which certainly points the way to 9 
xplanation of phenomena such as obsessions and what we now call 
utistic thinking. “Thus the play of excitations in the cortezi 
onstantly under the simultaneous influence of inhibitions a” 
acilitations. The momentary state of each individual fiber depen s 
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9n which of the two antagonistic effects has the upper hand in 
respect to it.” 


We move back again to America. In 1895, Scripture wrote: 


The principal difference between feeling and emotion consists in. + - 
the alteration in the train of ideas. The presence of this alteration enables 
Us to divide emotions into two classes, excitant and inhibitory. Instances 
of the former are joy and anger; of the latter, terror and fear. At the 
Same time, all very intense emotions are inhibitory in character, and it is 
only when they run some part of their course that their excitant side 
Comes to consciousness. . . . The excitant emotion quickens thought and 
involves heightened movement of face and limbs, increase of heart 
nctivity, and dilating of the blood vessels; the inhibitory emotion para- 
Y2es, or at least relaxes, the muscles, slows the heart-beat, and contracts 

€ vessels (Scripture, 1895, pp. 226 f.). 


In 1899 (the same year in which Meltzer, in the New York 
edical Journal, was complaining about the neglect of inhibition 
y Physiologists), Breese wrote a monograph on inhibition as a 
Psychological phenomenon. An historical survey led him to the con- 
“sion that the concept of inhibition had been used too broadly 
and too vaguely. “Inhibition is a term which has been used to 
€signate all kinds of mental conflict, hesitation and arrest,” he said, 
ut its “use in psychology should be confined to psychophysical 
Phenomena He listed five varieties of such phenomena, to wit: 


inhibition of one sensation by another; 
inhibition of bodily movements by sensation; 
inhibition of mental states by motor activity; 
inhibition of bodily functions by emotions; 
inhibition of voluntary movements by will. 


Leaning unmistakably on William James, but writing several beat! 
advance of McDougall’s first statement of the drainage theory x 
Mmhibition, he explained the occurrence of such psychophysica 
“tects in the following manner: “The activity of nervous energy in 
Certain centers and paths inhibits its use in other centers and paie, 
and consequently the mental state appropriate to the activity O: 
t Ose centers. The draining off of nerve centers inhibits the con- 


Inueq activity of those centers." 


gum eir 
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Breese also performed an experiment in binocular rivalry—note- 
worthy as perhaps the first psychological experiment which was 
specifically designed as an attack on the problem of inhibition. The 
subjects simultaneously viewed two visual fields, of different color 
and pattern, one with each eye. Without special instruction, they 
experienced spontaneous fluctuations, so that now one field, now the 
other, would be perceived. They were asked to try to prevent these 
fluctuations, so that one color would be seen in preference to the 
other, and it was found that they could lengthen the period of time 
during which the “chosen” field was dominant, but they could not 
influence the number of fluctuations. Breese interpreted the spon" 
taneous fluctuations as an instance of the inhibition of one sensatio? 
by another. 

In 1900, Münsterberg, who had been at Harvard since 1892, 
published his Grundzüge der Psychologie. Münsterberg's action 
theory of consciousness is in direct opposition to the view which 
had been common to Ferrier and James—that impulses which "ru? 
out" to the motor apparatus become thereby less capable of arous- 
ing conscious experience. On the contrary, he asserts, “there er 
sensation which does not have a motor impulse as its basis." 
justifies this position by arguing that the activity of the nigher 
centers cannot take place without motor expression. Therefore t! 
inhibition of motor responses tends to reduce awareness, rat her 
than to increase it. 

Münsterberg contends "that the undeniable opposition of motor 
functions is the true basis for all the facilitating and inhibiting > ' ' 
functions of the nervous system, and that all reinforcement and sup’ 
pression, choice and rejection of psychophysical processes rests on 
this opposition of activities. There is no psychophysical proces? 
which as such is opposed to another prora. E aed 
All sensory excitations of the brain as such can exist p^» by side 
with each other; only the actions which correspond to them, can 
never be carried out together." 

Thus it is the impossibility of performing incompatible mot 
acts which brings about the inhibition of motor im hes and this 
jn turn restricts the content of consciousness. “It js ne the TG i ement 
which is omitted because the sensation is inhibited, but the se? 


sation which is omitted, because the contrary movement i mpuls? 
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removed the possibility for the discharge corresponding to the 
Sensation." ae 
The same general position is stated in a short chapter on inhibi- 
tion included in Psychology, General and Applied (Miinsterberg, 
1914). Here Miinsterberg seems to favor a drainage theory as the 
Most plausible way to explain the inhibition of movements, which 
€ assumes to underlie the inhibition of mental processes. But 
whatever the nature of the process, he recognized that “Some select- 
ing principle must be at work which denies entrance to the unfit- 
ting stimulations and which suppresses the undesirable associa- 
tions and which cuts off large parts of the reactions. . 
Münsterberg's position influenced many later American psy- 
chologists, Guthrie (1930) in particular represented the viewpoint 
at inhibition could have no physical basis except in the incom- 
Patibility of muscular actions. 
Before Ferrier and after Miinsterberg, there was always the en- 
during Wilhelm Wundt. His physiological theory of inhibition had 
een formulated early, and it appeared essentially unchanged in 
Sach edition of his Principles of Physiological P. sychology (see 
Vv undt, 1874), as part of the exposition of the functioning of the 
nervous system, However, in the earlier editions it had no particular 
relation to any of the distinctive features of his psy iac er pos 
em. Hints of its importance appear in the second. koe. a 
Ourth edition (1894) and it became indispensable in the ^ t 5 3 
Lew (1902). To understand this development, we must e Eg 
"iefly at Wundt’s theory of apperception, and at some of its 
culties, 
d In its general sense, appercept 
5similation of the meanings of 


ion significes the process of active 
environmental stimulation, as op- 


Posed to a merely passive sensory response to them. hoe 
(951) oi hat this distinction lost its importance atter 
i Lue dein zation by the Gestalt psy- 


isco sensory organi à 
"hologisi pis pon verseption is now pue as a proc- 
Ess which involves meaningful integration. T e em : S 
Which different philosophers and heme ee : e s tac "à 2 
®Pperception depends upon trois eee i 
i 714) had used the word to designate con 


10n is eibnitz (1 : A 
Bip hune : d.e unconscious perception. Herbart used it to 
s oppos 
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designate the process by which new ideational content is assimi- 
lated to the old, the “apperceptive mass.” For Wundt, whose theory 
of attention was formulated largely on the basis of his experience 
in the laboratory with the phenomena of vision, apperception was 
the process by which parts of the content of consciousness are given 
greater clarity by being brought into the focus of attention—a direct 
analogy to the manner in which the eye brings a stimulus to the 
fovea, the point of clearest vision, Wundt believed that the anterior 
portion of the brain—the same area which Ferrier had regarded 
as specifically inhibitory—contained an “apperceptive organ” which 
could give this emphasis and clarity to a selected portion of con- 
scious experience. The theory of apperception was his effort to 
supply a physiological basis for the elements of spontaneity and 
individuality in mental life. The Kirchner-Michiielis Wörterbuch 
der philisophischen Grundbegriffe (1911) 


favorable to Wundt's theories, says: "Because of the important 
position which the conce 


ment of psychology, which 
à mental activity, has been called appercep- 
tion psychology, in contrast to association psychology." 


As Boring (1950) points out, the doctrine of apperception assumed 


nly be mistaken 
to suppose that it di 

theories previous: 
the preface to the first edition (1890) of his ow: 
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clared that “the concept of apperception easily leads us to surrender 
a consistent prosecution of psychophysical parallelism.” 


The theory of apperception is that conception of the relationship be- 
tween the physical and the mental, which indeed recognizes a thorough- 
going parallelism for elementary sensations, but on the other hand looks 
upon decision, relations and the [complex] forms of consciousness as 
purely psychological, without accompanying physiological processes. If 
the theory of apperception is correct, then psychophysics . . . would be 
in a position which is approximately like that of a science of physics 
which acknowledges in advance that causal relationships obtain for ma- 
terial substances only while they exist in solid form, but that they escape 
all the laws of causality as soon as they pass over into liquid or gaseous 
form (Münsterberg, 1900, p. 452 £.). 


Wundt was not a man to be intimidated by critics, but it was 
only natural that these vigorous attacks should motivate him to a 
more careful statement of the hypothetical physiological basis for 
the apperceptive process. As one reads his fourth edition, having in 
mind the earlier absence of references to inhibition in relation to 
the apperceptive process, one sees the new theory come into being. 
In the first volume, which was published in 1893, the figure illus- 
trating the schema of inhibition (see Figure 4) is changed somewhat 
from the form which it previously had, but the discussion is not 
changed in its essentials. The most important change is that the 
lines ss’ and hh’ were added, and three short lines x, y, and z were 
removed. These had been used to symbolize centripetal paths to the 
apperception center, but their origins were not shown. Thus the new 
figure provides a new and more direct two-way connection between 
the lower sensory centers and the apperception center. Midway 
through the second volume (1894), there is renewed discussion of 
this figure. 


Nothing stands in the way of interpreting the effect of the apperceptive 
excitation of the sensory centers as inhibitory. . . - But of course this 
inhibition . . . is not to be regarded as a reduction of certain excitations 
in the sensory centers, but it will consist in the fact that in consequence 
of the evocative action of the signal stimulus the inflow of other signal 
stimuli to the apperceptive center will be inhibited. This agrees entirely 
with the fact that the focus of attention becomes more narrow along with 
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the degree of attention, and that on the other hand it can be widened 


for certain presentations (Vorstellungen) by practice (Wundt, 1874, 4th 
ed., II, p. 276). 


Two hundred pages farther on, the position taken is more em- 
phatic. 


Figure 4. Wundt's "Schema of con- 
nections of the apperceptive organ." SC, 
visual center. HC, auditory center. S and 
H, central fibers of optic and auditory 
nerves. A and L, respectively, sensory and 
motor centers for speech. O and B, 
respectively, sensory and motor centers 
for writing. MC, motor center. M, central 
motor fibers. AC, apperceptive center. ss’ 
and Ah’, centripetal paths to the latter. 
la, gf, etc., centrifugal connections of the 
apperceptive center. 

The figure shown is taken from the 
4th ed. The corresponding figure in the 
2nd ed. has no arrows, and does not have 
the lines ss’ and hh'; it does have short 
straight lines labelled x, y, and z which 
enter the apperceptive organ from above 
(on the page) and Which are designated 


Gs bringing Sensory stimulation from 
primary sensory centers, 


LL 


The basic phenomenon of all intellectual achievement js the so-called 


dable that in the psychological 
importance first and therefore 


5 e grasping and clarification of 
certain presentations. But for the physiological appraisal it is clear that it 


is the negative side, the inhibition of the inflow of all the other disturb- 
ing excitation, . . , which is more important (Wundt, 1874, 4th ed., 
II, p. 481). i 

In the fifth edition (1902), the new view 
Whereas in earlier editions we had been l 
influence of the apperceptive Organ was exercised by the facilitative 
reinforcement of some of the elements of conscious experience, and 
in the fourth edition we are asked to consider that these effects may 


point is clearly stated. 
ed to Suppose that the 
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be inhibitory, the fifth edition explains apperception as a general 
inhibition of all sensory data which does not occupy the focus of 
consciousness. In this statement (which we are fortunate to have in 
Titchener’s translation) we see how Wundt’s own searching ex- 
amination of the data of consciousness helped to shape the theory: 


It might, at first thought, be supposed that the elementary process of 
apperception which appears in its simplest form when a sensation be- 
comes clearer, consists, on the physiological side, merely in an increase 
of the nervous excitation which runs parallel to the sensation; ... A 
little introspection suffices to show that a sensation, in growing stronger 
or weaker, alters its own intrinsic character; while if it grows clearer or 
more obscure, the change is primarily a change in its relation to other 
Conscious contents. . . . These facts suggest that the substrate of the 
Simple apperception process may be sought in inhibitory processes which, 

y the very fact that they arrest other concomitant excitations, secure an 
advantage for the particular excitations not inhibited. If we postulate an 
inhibitory process of this kind, we are able to explain how it is that 
apperception as such does not consist in an intensification of the sensa- 
tion contents. And if we assume, further, that the inhibitory influence, in 
this Special case, is not exerted directly upon certain excitations in prog- 
ress within the sensory centers, but rather upon the conduction of the 
excitations to the higher centers in which the sensory contents are com- 

ined to form complex resultants, we avoid doing violence to the obverse 
fact that the conscious contents obscured by inhibition do not on that 
Account lose in intensity. The arousal of the inhibition, since on the 
Physiological side it is ordinarily dependent upon particular conscious 
Contents, past and present, must be physiologically conceived as analo- 
Sous to that of the reflex inhibitions occurring in various forms in the 
lower nerve centers. There is, however, a difference. The inhibitory 
effects are liberated, here as elsewhere, by certain excitations that are 
Conducted to the center; but their liberation is at the same time influ- 
enced by that incalculable manifold of conditions which, for the most 
Part, we can merely group together under the indefinite name of the 
Current disposition of consciousness, as determined by past experience 
epe the circumstances of the time (Wundt, 1874; trans. of 5th ed., 1904, 
P- 317 £). 


. Thus, inhibition, which had been assigned no role of importance 
In the early editions of the Physiological Psychology, suddenly be- 
Came a decisive factor touching on the very heart of Wundt's sys- 
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tem. One cannot but be struck by the fact that Wundt, basing 
himself primarily on introspective data, reached a fundamentally 
correct understanding of part, though not all, of the process of at- 
tention: to wit, that sensory input to the cerebral cortex is subject 
to a cortically controlled inhibition which takes effect at lower 
levels. He explicitly hypothesizes, in reference to Figure 4, that “An 
individual impression a is apperceptively enhanced by inhibition 
of the impressions b c d. . . . We then have perception of b c d 
and apperception of a. . . . At the same time, by means of inhibi- 
tions released in [other] centers, . . . the resulting word idea and 
the phonetic utterance are apperceived.” 

Looking back at this today, one wonders how far Wundt might 
have gone in the experimental analysis of the inhibitory aspects of 
perception if he had been a younger man. When the fifth edition 
appeared, Wundt was seventy years old, and most of his energies 
were being directed elsewhere, especially into his Volkerpsychologie, 
of which the first volume had appeared in 1900 and the tenth was 
to appear in 1920, the year of his death. The new doctrine found 
no echo in the Zeitgeist of the young twentieth century, and ap- 
parently it awakened no enthusiasm even among his immediate 
followers. More likely than not, it contributed to the accelerating 
decline of Wundt’s influence. However, something very like Wundt's 
inhibitory theory of apperception seems destined to play a part in 
the future psychology of thinking, and therefore we designate as 
Wundt's principle the hypothesis that higher thought processes de- 
pend on cortically instigated inhibition of afferent excitation 

The judgment of Wundt’s younger contemporaries was e 
by Pillsbury, in his book on Attention (1908). 
various physiological theories of attention, he concludes: “We have 
been assuming throughout that there is both reinforcement vod dd 
hibition in the attention process. . . . It would be perhaps easier-to 
explain the attention process as one of reinforcement alone But 
[one almost hears the suppressed ‘unfortunately’] there are certain 
facts which make it certain that inhibition Plays a role at i m 
. . . But there is certainly no room for the assumption of Wundt 
that attention is an inhibitory process alone. . , . mu Pe en is 
respect considerably nearer the truth than any other write x a 
have proposed theories.” jaa 


expressed 
After reviewing the 
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; Inhibition appeared, of course, in McDougall's books, especially 
in his Physiological Psychology (1905), but McDougall rapidly be- 
came the béte noire of American psychology, and his advocacy 
of a theory did little to recommend it. For American psychologists, 
inhibition had its last fling for a long while in Margaret Washburn's 
Movement and Mental Imagery (1916), in which she stated a motor 
theory of consciousness which pursued the lead given by Münster- 
berg but took a less extreme position. She speculated that con- 
Sciousness might require the simultaneous occurrence of both ex- 
citation and inhibition; that either uninhibited reflex action, or the 
complete inhibitory arrest of a motor activity, would have no con- 
scious accompaniment. Even memory images would imply some 
degree of implicit movement, the impulse to movement being not 
quite completely inhibited, and the most vivid conscious experiences 
Would accompany some optimal ratio of the excitatory and in- 
hibitory processes. 

If one translates this into behavioral terms, one may say that for 
the thinking organism the problem of balance between excitatory 
and inhibitory processes is especially acute. As we know, the im- 
perative need for negative feedback finds expression through many 
different mechanisms, including feedback loops between different 
levels and different nuclei; recurrent axons; diffuse local inhibition; 
and shorter circuits which, though they have been called rever- 
beratory, are more likely inhibitory in function. On the motor side, 
any imbalance of inhibitory and excitatory processes is quickly re- 
flected in hypokinetic or hyperkinetic pathology; in the emotional 
sphere, autonomic imbalance represents a similar type of malfunc- 
tion. However, the limits of tolerance for imbalance between ex- 
citation and inhibition are probably even more demanding for 
thinking, that is, for intracerebral activities which respond sensi- 
tively to environmental stimulations but must nevertheless take place 
with a minimum of effector discharge, without “acting out.” For 
this, one can well imagine, there is indeed a need not just for “more 
inhibition,” as Ferrier or Lloyd Morgan might have thought, but for 
an optimal ratio of inhibition to excitation, as Washburn stated. 

By the second decade of the twentieth century, the word inhibi- 
tion disappeared from the vocabulary of most American psycholo- 
gists. It almost seems as if all reference to inhibition was banished 
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along with the use of introspection, as if it were a wholly mentalistic 
concept. In Thorndike’s connectionism, excitatory bonds could be 
made weaker or stronger (that is, synaptic resistances could be in- 
creased or decreased), but no inhibitory process was invoked to ex- 
plain the “stamping-out” which was a part of the “law of effect” 
until Thorndike’s revision of his theory in 1932. After that, there 
was less need than ever for a process of inhibition. In Watson’s 
behaviorism, only facilitatory effects were admitted. W hen the ideas 
of Freud and Pavlov demanded attention, the figurative “censor” of 
the one and the assumed cortical inhibition of the other were both 
dismissed as equally absurd. American psychology had gone ex- 
travert. It had not only achieved at last, in Lange’s (1875) memorable 
phrase, a “psychology without a soul,” but it had achieved a psy- 
chology in which there was no obvious place for thinking, and in 
which “inhibition,” when the word had returned to the usage of 


psychologists, meant no more than an uncomfortable inability to act 
out one’s impulses. 


While the great Wundt still labored 
his career, the greater Freud was publishing his first great psy- 
choanalytic works (The Interpretation of Dreams, Three Contribu- 
tions to the Theory of Sex, Wit and its Relations to the Uncon- 
scious), which were being received in stony si with 
outrage and derision by others, For our purp 
turn back a few years, to 1895, when the id 
these works were being formulated in great 
process preserved for posterity in the lette 
Wilhelm Fliess (Freud, 1954). As a young man, Freud had hoped 
some day to hold the position which Exner had gained, to be di- 
rector of the Physiological Institute in the University of Vienna. 
He had done some research in neurology, which was good but not 
world shaking, and then he had left his impecunious post at the 
Institute in order to earn a living as a physician, specializing in 
neurology. He had become interested in the neuroses; and he had 
glimpsed the importance of repression as a Psychological mecha- 
nism, not only in pathological defense, but in normal everyday liv- 
ing. Now he was trying to solve that riddle, for he felt tg, Pal 
that repression, not attention and consciousness, would be the key to 
unlock the secrets of mental functioning. (Cf, E. Jones, 1953.) T 


prodigiously in the twilight of 


€as which are basic to 
travail, and parts of the 
TS written to his friend 
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In May, 1895, he wrote to Wilhelm Fliess: “I am plagued with 
two ambitions: to see how the theory of mental functioning takes 
shape if quantitative considerations, a sort of economics of nerve- 
force, are introduced into it; and secondly, to extract from psy- 
chopathology what may be of benefit to normal psychology.” 

In June: “The ‘Defense’ has taken an important step forward, and 
I shall be sending you some short notes on the subject as an earnest 
of the fact. The construction of the ‘Psychology’ also looks as if it is 
going to come off, which would give me great cause for rejoicing.” 

In August: “This psychology is really an incubus. . . . All I was 
trying to do was to explain defense, but I found myself explaining 
everything from the heart of nature, I found myself wrestling with 
the problems of quality, sleep, memory—in short, the whole of psy- 
chology. Now I want to hear no more of it.” 

In September: “My rested brain is now making child’s play of 
the accumulated difficulties, for instance, the contradictions in the 
fact that actions re-establish their resistance, whereas the neurones 
in general are subject to facilitation.” 

And finally, in October: “I am enclosing all sorts of things for 
you today, including . . . two note-books of mine.” 

These notebooks contain the fruit of Freud’s early effort to con- 
Struct a psychology which should be a natural science. Soon after- 
ward he abandoned the effort to establish a physiological foundation 
for his psychological theories, and in his published works he does 
not discuss the problem of neurological inhibition, although he 
writes of the inhibition of sexuality, the inhibition of thoughts, the 
inhibition of affects, and tells us that the pleasure we derive from 
Wit is due to its “economy in inhibition.” All of Freud’s fundamental 
Propositions regarding inhibition, including the phenomena of de- 
fense, and the manner in which the “second process” of rational 
thinking overcomes the irrationality of “primary process” thinking, 
Were developed during this early period, that is, at a time when he 
Was still wrestling with neurological problems. We shall see that 
the neurological speculations which Freud soon afterward thrust 
aside as unprofitable helped to determine the particular form in 
Which he expressed his psychological theories. 

In the English edition of the correspondence with Fliess, the 
notebooks we have mentioned are given the title, "Project for a 
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Scientific Psychology.” Freud referred to them in his letters as the 
$y, a designation which is based on the fact that in his theory he 
distinguishes between the hypothetical functions of three kinds of 
neurons. Only the first two kinds need concern us. (The third, which 
serve for perception or Wahrnehmung, were represented by a W, 
which Freud replaced by the Greek letter o.) ¢-neurons are afferent 
neurons which offer virtually no resistance to the passage of nervous 
energy, and therefore also can never retain any of it within them- 
selves. y-neurons, presumably those of the cerebral cortex, have 
"contact-barriers" (i.e., synapses—a word first introduced by Sher- 
rington in 1897) which offer considerable resistance to the passage 
of nervous energy. Actually, the Project does not speak of nervous 
energy as such, but of “a quantity (Q) subject to the general laws 
of motion." Since this is derived from stimulations and expressed in 
action, it will do little violence to Freud's thought to speak of it as 
nervous energy, particularly in view of his reference to the “eco- 
nomics of nerve-force" a few months earlier. However, it need not 
always show itself as nervous impulse. If the amount of it ina given 
neuron is inadequate to overcome the resistances of the contact- 
barriers between this neuron and others which succeed it, it simply 
remains there, and the neuron is then "occupied" by this energy. (In 
Freud's word, besetzt. This translation would seem to be a simple 
matter, since anyone who has travelled about Europe on the rail- 
roads knows that just as a washroom is frequently occupé in France 
and occupato in Italy, it is besetzt in Germany. A more dignified 
rendition might be "invested," and that would seem adequate to 
the uses to which Freud put this word in later writings. However, 
his first translator, Brill, achieved an unsurpassed piece of ob- 
scurantism by coining the word cathexis to render Freud's Beset- 
zung. In defiance of tradition, we shall use invested and investment 
where the published translations have cathected and cathexis, words 
which fail to convey Freud's simple, direct meaning.) The “energy 
which is thus captured in some of the neurons plays an important 
part in the activity of the nervous system, and we are told that the 
ego “may be defined as the totality of the y-investments at any 
given time. 

Freud, despite his personal dislike for the officious Exner, 


H also 
recognized the importance of the Bahnung phenomenon. 


He as- 
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sumed that it consists in a reduction in the resistance of contact- 
barriers which takes place with the passage of impulses. However, 
the ability of a given impulse to cross a contact-barrier does not 
depend solely on the strength of the impulse and the resistance of 
that barrier, because it is easier for energy to pass across a given 
resistance into a neuron which is already invested with energy than 
into one which is not so invested, Therefore the course of im- 
pulses in the nervous system is influenced not only by the distribu- 
tion of resistances, that is, by the past facilitations, but also by 
the energy which is captured or invested in the y-neurons, which has 
not been discharged across the contact-barriers and therefore has 


Not contributed to the facilitations. 


A Figure 5, Freud's schema of inhibition. From Sigmund Freud, The Origins of Psycho- 
nalysis, New York, Basic Books, 1954. Reproduced by permission. 


_ The effect of the energy invested in one neuron is frequently to 
inhibit the passage of nervous impulses to another neuron. Freud 
drew a figure which shows that the nervous energy which enters a 
Neuron a from the periphery (that is, from the ¢-neurons), can pass 
either to neuron b or to neuron a. (See Figure 5.) “If it were un- 
influenced it would have proceeded to neuron b. But it is in fact so 
much influenced by the lateral investment in neuron a that it only 
Passes on a quotient to b, or may not even reach b at all. Where, 
then, an ego exists, it is bound to inhibit psychical processes.” In 
Other words, wherever there is a nervous. system which retains the 
effects of past experience and utilizes them to eliminate or reduce 
responses which have elicited pain, inhibition must be present. ; 
Freud then enters into a discussion of "secondary processes”; and 
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the importance of inhibition to his system, as envisaged in this early 
stage, is shown by the following sentences: “It is the inhibition 
brought about by the ego that makes possible a criterion for dis- 
tinguishing between a perception and a memory.” He goes on to 
say: 


It will be seen that the sine qua non of (secondary processes) is a cor- 
rect exploitation of the indications of reality and that this is only possible 
when there is inhibition on the part of the ego. . . . Judgment is a 
y-process which is only made possible by the inhibition exercised by the 
ego. . . . Let us be satisfied with bearing firmly in mind that it is the 
original interest in establishing the situation of satisfaction that produces 
in the one case reproductive reflection and in the other case judging 
as methods of proceeding from the perceptual situation that is really pre- 
sented to the situation that is wished for. It remains a sine qua non for 
this that the y-processes shall not run their course without inhibition, but 
shall be subject to the activity of the ego (Freud, 1954, pp. 389, 390, 394). 


In the Interpretation of Dreams, which appeared in 1900, all 
effort at physiological explanation has been specifically excluded; 
but the ideas of the yw survive in the following passage, in which, 
as explained above, we have replaced the “cathected” and “cathexis” 
of Brill’s translation with "invested" and “investment,” 


Let us also state in plain terms how we visualize the movement of our 
thought. We believe that a certain quantity of excitation, which we call 
"invested energy," is displaced from a purposive idea along the associa- 
tion paths selected by this directing idea. A "neglected" train of thought 
has received no such investment, and the investment has been withdrawn 
from one that was "suppressed" or "rejected"; both have thus been left 
to their own excitations. The train of thought invested by some aim be- 
comes able under certain conditions to attract the attention of conscious- 
ness, and by the mediation of consciousness it then receives “hyper- 
investment" (p. 529). 

The activity of the first y-system aims at the free outflow of the quanti- 
ties of excitation, and the second system, by means of the investments 
emanating from it, effects an inhibition of this outflow, a tiansfonmation: 
into dormant investment, probably with a rise of potential . . . After 
the second system has completed its work of experimenta] thought, it 
removes the inhibition and damming up of the excitations and allows 
them to flow off into motility (p. 534). 

Let us however keep a close hold on the fact—for this is the key to the 
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theory of repression—that the second system can only invest an idea 
when it is in a position to inhibit any pain emanating from this idea. 
Anything that withdrew itself from this inhibition would also remain 
inaccessible for the second system, i.e., would immediately be given up 
by virtue of the pain-principle (Freud, 1900, p. 535). 


In the later development of Freud’s theories, it always remained 
true that inhibition was recognized as a necessary condition for the 
development of thinking which is oriented toward reality. For ex- 
ample, in his essay on the “Two Principles in Mental Functioning,” 
Freud (1911) stated that thinking was developed because the need 
arose for restraint of motor discharge, and “thought was endowed 
with qualities which made it possible for the mental apparatus to 
Support increased tension during a delay in the process of dis- 
charge.” Freud's insistence on the reality of a repressor-function, 
With or without an explicitly stated neurological basis, was of course 
One of the points which made his theories unacceptable to academic 
Psychologists. 

Tt would not be possible to do justice to Freud’s many applica- 
tions of the concept of inhibition without devoting a chapter to 
him alone, However, since most of these applications are related to 
the central concept of repression, and are no doubt well known to 
the reader, we shall give them no special attention. It is interesting, 

OWever, to take note that Freud also recognized the need for pro- 
tective inhibition of environmental stimulation, although his discus- 
Sion of this need does not include the word inhibition, which had 
Acquired special meaning within his system. The following sentences 
are spread over several pages in Beyond the Pleasure Principle, the 
Work which opened the “new phase” in F reud's thinking with the 


introduction of the death instinct. 


Let us picture a living organism in its most simplified form. . . . The 
Surface turned towards the external world will from its very situation be 
differentiated and will serve as an organ for receiving stimuli. . . . This 


little fragment of living substance is suspended in the middle of an ex- 
ternal world charged with the most powerful energies; and it would be 
killed by the stimulation emanating from these if it were not provided 
With a protective shield against stimuli. . .. Protection against stimuli 
is an almost more important function for the living organism than 
"eception of stimuli. . . . The main purpose of the reception of stimuli 
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is to discover the direction and nature of the external stimuli; and for 
that it is enough to take small specimens of the external world, to sample 
it in small quantities. . . . We describe as “traumatic” any excitations 
from outside which are powerful enough to break through the protective 
shield. . . . The specific unpleasure of physical pain is probably the 


result of the protective shield having been broken through in a limited 
area (Freud, 1920, Sec. IV). 


However, there is no indication that Freud thought of this pro- 
tective function as being carried on by means of neural inhibition, 
which he had visualized as serving only the ego functions. 

It is convenient at this point to mention that an interest in the 
theories of psychoanalysis led Klopfer (1924) to consider the general 
problem of inhibition within the context of the traditional experi- 
mental psychology of the German universities, He reached con- 
clusions in agreement with our own, recognizing that at very primi- 
tive levels inhibition fulfills the need to limit excitation and also 
creates the possibility of differential response to a stimulus, and 
that in its higher forms it is not only essential for the 
of attention, but also for those of personali 
ing the maintenance of personal individu. 
environmental influences. 

The modern theory of cognitive processes rests upon the achieve- 
ments of the Würzburg school and the Gestalt psychologists. Their 
theories have a necessary place in our Story, although inhibition 
plays no part in them. 

The investigators of the Würzburg school ( 
Ach, Bühler) demonstrated that the process 
essential phases which have no counterpart in 
found that the solutions of thought problems 
denly from an imageless background, in which there are only vague 
feelings of relation rather than explicit imagery. Immediately be- 
fore the solution appears in consciousness, there may be no more 
reportable conscious content than a strained awareness of task 
orientation, in which the task itself has no clear definition. Ach 
(1905) declared that the purposeful thinking of a wakeful person is 
no more consciously directed than an act which is performed in 
obedience to a posthypnotic suggestion, and he Proposed that the 
source of both is an unconscious “determining tendency” which is 


phenomena 
ty development, includ- 
ality in the face of social 


Külpe, Marbe, Watt, 
of thinking includes 
consciousness. They 
usually emerge, sud- 
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the true basis of what has been described as the activities of the 
will. 

Ach and the other Wiirzburg psychologists thought of these un- 
Conscious determinants as agents which facilitated certain associa- 
tions rather than others, but anyone who reads the protocols of the 
Würzburg experiments—still better, who with their guidance eaves- 
drops on the working of his own mind—must be struck by the fact 
that thinking characteristically has blank moments, and that more 
often than not the solution to a problem emerges directly from one 
of these, as suddenly as a name which had been momentarily for- 
§otten, and is then all at once recalled. Obviously, something very 
"mportant is happening in those blank periods, and it is therefore 
natural to ask if an important inhibitory process is not taking place. 

hich, we may wonder, are the more important “halting-places of 
Our thought”—the moments of vivid imagery, or the blank moments 

etween? ! 

" Task-oriented thinking seems to proceed by a series of rejected 
Inadequate solutions, until an accepted solution or the hint of one 
emerges flashlike from what seemed, an instant earlier, to be an 
utterly barren arrest of the thinking process. One way to concep- 
tualize this sequence of events is to say that unconscious (facilita- 
tive) associative processes throw up suggestions, and that con- 
Scious (inhibitory) processes accept or reject them. This would be 
ES keeping with the view that the determining tendency is entirely 
acilitative in its effects, and it saves for consciousness, if not the 
Creative task of imagining solutions, at least the rational task of 
Judging them. However, there is no logical reason why the un- 
Conscious determinants of thinking should not be inhibitory as 
Well. Certainly there is strong indication of this in the clear phe- 
Domena] fact that the tentative solutions commonly emerge from 
lank periods of “no thought.” This shows that the channeling of 
associations depends at least in part on the fact that inappropriate 
associations are being unconsciously excluded, or inhibited. A 
Simple example of this is the fact that when we hunt for a six-letter 
Word to fit into a crossword puzzle, longer and shorter words simply 
9 not enter our thoughts. If the effect of a task orientation were 
merely to facilitate relevant associations, which is the assumption 
implicit in association theories, the man with a problem would as- 
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sociate more readily, not less readily, than the man without a prob- 
lem. Everyday experience, as well as the therapeutic clinic, tells us 
that the opposite is the fact. Evidently the nature of productive 
thinking is such that it involves cutting off associations, as well as 
arousing them. 

Turning to Gestalt psychology, we must recognize that its em- 
phasis on relational interactions between the elements of experience 
provides an opportunity for explanation in terms of inhibitory effects. 
Gestalt psychology came into being as a school with the work of 
Max Wertheimer (1912) on illusory movement, which he called the 
phi-phenomenon. He postulated at once a correspondence between 
cortical and conscious events which has remained a basic tenet of 
Gestalt theory. At about the same time, Rubin (1911) performed 
experiments on visual perception, including the perception of am- 
biguous figures, and he formulated his results in terms of “figure 
and ground” relationships, a concept which has had extremely 
broad application to problems of thinking generally. Köhler (1920, 
1929, 1940) developed Wertheimer’s basic idea of correspondence 
between perceptual and cortical processes in his theory of isomor- 
phism, which assumed electrical field processes in the cerebral cor- 
tex. That this assumption is untenable was shown experimentally 
by Lashley, Chow, and Semmes (1951), who showed that gold foil 


laid on a cat’s visual cortex and gold pins thrust through it did 
not disturb whatever process was involved in recognition of a 
visual pattern used in training, and by Sperry and Miner (1955), 
who performed the converse test by inserting sheets of mica. The 
same untenable hypothesis underlies the Kéhler-Wallach (1944) 
theory which seeks to explain figural aftereffects, and alternations 
in the perception of ambiguous figures, as due to local satiation of 
excited cortical points, which favors shift to a new pattern of ex- 
citation. 

We should like to consider briefly whether the fact of cortical 
inhibition does not open new possibilities for the interpretation 0. 
these phenomena. First, let us consider the phi-phenomenon. It 
will be convenient to think of it in the simple form in which 
Wertheimer experimented upon it, that is, as an experience of 
movement resulting from the stimulation of the retina by two flashes 
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of light, separated by a small interval in both time and space. For 
Wertheimer, in 1912, this seemed to imply just two excitatory events 
in the cortex, each with a tendency to irradiate. However, Forbes 
and Morison showed, in 1939, that the cortical response to a single 
flash consists of two excitations, one with short latency and one with 
long latency, that is, one which probably involves a single central 
nucleus and one which involves several thalamic nuclei, so that (in 
the cat) traversal of the direct path takes about 12 msec., and 
traversal of the indirect path takes about 75 msec. (These times 
are taken from Brazier, 1958.) Furthermore, the very distinctness 
of these two excitations reminds us of another important fact: that 
the first excitation (as well as the second) is followed by a local 
mobilization of inhibition which checks the tendency to irradiate. 
Now, if we label the cortical points A and B, we recognize that two 
ashes evoke four excitations, and under the conditions of nearly 
Optimal timing for illusory movement, As is simultaneous with Bı. 
Point A, having been in some sense alerted by its first excitation, is 
engaged in extinguishing the second, at the same time that point 
is being alerted by its first stimulation. Surely, this simultaneity 
of similar events in different phase is a more reasonable basis for 
SXperienced movement than a hypothetical, and in fact highly im- 
Probable, movement of current from one point to the other. 

Let us turn now to the problem of alternation of figure-ground 
relationships in unstable figures. Of course, every perceptual field 
1S unstable in some degree, and those we label as such are only 

© ones that have a predictable instability which makes them suit- 
able for experimental use. Let us suppose, following Wundt’s prin- 
Ciple, that the structuring of a given stimulus field into figure and 
Stound depends on the inhibitions imposed on parts of the available 
Sensory information, and that changes in the nature of this inhibi- 
tion would lead to altered perception. Let us also suppose, follow- 
ng Heidenhain's principle, that there is a tendency for local corti- 
cal inhibition to arise whenever a process of excitation is going on. 

ence, as excitations are dampened, excitation of new points would 
© favored, leading to altered perceptions. It is of course also pos- 
Sible that corticifugal inhibitions will be aroused where cortical 
Activity is strongest. Thus the effect which has been attributed to 
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satiation does occur, not as a consequence of some wholly hypo- 
thetical satiation, but as a result of the interplay of two experi- 
mentally demonstrated forms of neural inhibition. If the stimulus 
is a reversible ambiguous figure, these inhibitions will suffice to 
explain a succession of figure reversals. Eysenck (1955) also has 
argued that the figural aftereffect can be explained by cortical in- 
hibition. He presents experimental evidence that the effect is 
stronger in hysterics than in dysthymics, in support of his theory 
that the fundamental difference between these groups is in the 
characteristics of the process of reactive inhibition. 


However, it has not been our purpose here to undertake the very 
difficult task of formulating a new theory of perception, but only 
to introduce a discussion of certain recent research in that area. 
Gestalt psychology awakened a renewed interest in cognitive func- 
tions, and the growing influence of psychoanalysis, both direct and 
indirect, helped to encourage and direct research in the field of per- 
sonality. These two influences have merged in studies of the in- 
fluence of personality on perception. Out of this research has come 
an indication of the need to include inhibitory processes in per 
ceptual theory, and it is that which we wish to consider in the re- 
mainder of this chapter. 

In 1948, Postman, Bruner, and McGinnies wrote on “Personal 
values as selective factors in perception.” They reached the follow- 
ing conclusions, based principally on their study of differential re 
action times for words representing “high values” and “low values 


of their individual subjects, as determined by scores on the Allport- 
Vernon Study of Values: 


Our results lead us to propose three complementary selective mecha- 
nisms. Value orientation acts as a sensitizer, lowering thresholds for 
acceptable stimulus objects. Let us call this mechanism selective sensiti- 
zation. Value orientation may, on the other hand, raise thresholds for 
unacceptable stimulus objects. We shall refer to this mechanism as pef- 
ceptual defense. Finally, the perceiver . . . favors the pre-solution hy- 
potheses which reflect his value orientation. . . . This third mechanism 
we shall term value resonance (Postman, Bruner, & McGinnies, 1948, 
p. 191 E). 


With respect to the second of these hypothetical mechanisms, 
perceptual defense, they state: 
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[It] erects barriers against percepts and hypotheses incongruent with or 
threatening to the individual’s values. We suggest that a defense mecha- 
nism similar to repression operates in perceptual behavior. . . . One may 
inquire at this point, “How does the subject ‘know’ that a word should 
be avoided? In order to ‘repress’ he must first recognize it for what it i5 
We have no answer to propose. What mediates the phenomena of hys- 
terical or hypnotically induced blindness? Of only one thing we can be 
fairly Sure: reactions do occur without conscious awareness of what one 
is reacting to. Psychological defense in perception is but one instance of 
e ont reaction (Postman, Bruner, & McGinnies, 1948, p. 


McGinnies, in 1949, presented data on increased galvanic skin 
response to emotionally-toned as against neutral words, which 

ad been exposed for periods that were too short to permit recog- 
Nition, Interpreting this result, he remained loyal to the concept of 
Perceptual defense. Still puzzled as to the mechanism, he wondered 
nevertheless, as one tentative hypothesis, whether the response 
which precedes recognition may not be due to feedback from 
Cortical association centers. (At this time, corticifugal inhibition of 
Sensory data at the brain-stem level was still unsuspected by physi- 
ologists,) Meanwhile, Bruner and Postman (1949), participating 
m a Symposium on Personal and Social Factors in Perception, 
thought they had developed a more parsimonious hypothesis. They 
State that the phenomena of so-called perceptual defense "suggest 
fo the guileless investigator the image of the superego peering 

rough a Judas eye, scanning incoming percepts in order to de- 
Side which shall be permitted into consciousness. . . . At first blush 
We seem to be facing a paradox here. In order to repress or negate 
à stimulus, must not the subject recognize it first for what it is?” 

hey Propose to escape this paradox by the assumption that veridi- 
cal report and affective avoidance have different thresholds. Assum- 
mga proper hierarchy of thresholds, “a Judas-eye notion of double 
Perception is not required to account for the phenomena of ‘defen- 
Sive perception. . . . 
. In other words, they propose that the kind of choice displayed 
in these situations shall be explained as due to different levels of 
©xcitancy for different response mechanisms, rather than invoking 
a distinctly inhibitory apparatus. The question of conscious versus 


» 
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unconscious response does not enter into the problem, since in 
either case response takes place without awareness of the meaning 
of the stimulus words. 

In 1957, how the situation had changed! In that year, Bruner 
cited the experiments of Hernández-Péon and of Galambos on in- 
hibition of sensory input to the cortex, and said: 


Some years ago I came to the conclusion, to simplify the matter grossly, 
that perceptual selectivity seemed to operate like a gating process that 
had the characteristic of raising the identification threshold for certain 
classes of stimuli and lowering them for others and suggested that, rather 
than viewing such threshold differences as due to speed of associational 
processes set up by different inputs [that is, as differences in excitancy], 
inputs might be conceived as being differentially gated out before reach- 
ing a stage of association [that is, as subject to inhibition]. My argument 
was based on considerations of economy of functioning—that very likely 
perception had as one of its functions the task of screening out irrelevant 
stimuli and letting through relevant ones, an important consideration for 
living organisms who have a perilously narrow attention or immediate 
memory span (Bruner, 1957, p. 340) 


And thus, after more than half a century, we are ready to give 
serious consideration to the position which was stated by Wundt in 
1902, and to recognize the need for inhibitory elements in the think- 
ing process which had been anticipated by many other psycholo- 
gists before that time, by very few since. Having reached this point 
again, let us not slip into the old mistake of grudgingly admitting 
the existence of an inhibitory process only in those instances of be- 
havior where it has been demonstrated beyond question. The proc- 
ess of inhibition has equal status with that of excitation in the 
nervous system. There is no reason to suppose that excitation is 
more fundamental, more ancient, or more widespread than inhibi- 
tion. Therefore there is no reason whatever to give one of these 
processes preferential status over the other, in constructing hypoth- 
eses about behavior, and about that portion of behavior which 
we call thinking. It would be utterly false to interpret the principle 
of parsimony as dictating that we shall assign the greater burden 
of explanation to one process, excitation, and as little as possible to 
another process, inhibition. Inhibition must be admitted as a full 
partner with excitation in the business of nervous control. Specifi- 
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cally, we must not suppose that perceptual defense represents a 
Special kind of choice behavior, and that the principles operating 
here do not operate in perception generally. On the contrary, it 
should help us to recognize that inhibition is part and parcel of the 
thinking process, in every form that thinking takes. 


PAVLOV 9 


Ivan Pavlov, physiologist, a man who wanted to have nothing to a 
with psychology or psychologists, is often enthroned with Freu 
in a strange duumvirate—two men of different backgrounds ani 
different methods, who could scarcely find a common basis for dis- 
cussion of any of the problems which interested them, who however 
had at least this in common: that either was ready to squeeze the 

' last drop of theoretical juice out of any observation. With both, 
academic psychologists have been extremely selective, taking what- 
ever fitted our needs and our fancies, usually paying for this much 
with generous praise, but thrusting the rest aside with almost pity- 
ing disdain as puerile fantasy, because it was so oddly at variance 
with some of our other convictions, 

Despite the large part that the “conditioned reflex" has played 
in our theories of learning, by far the greater part of the work of 
Pavlov and his collaborators has been ignored or minimized, be- 
cause learning theorists have been unwilling to go along with his 
emphasis on the importance of a cortical inhibitory process. On the 
other hand, Lenin's declared admiration for Pavlov's work and his 
high assessment of its social value created in the Soviet Union à 
climate in which Pavlov's theories have been accorded a kind Oo 
ordained preeminence, and Russian behavioral science has demon- 
stratively enlisted “under the banner of Pavlov.” However, we shal 
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see in the next chapter that this has not kept his physiological 
theories immune from all adverse criticism. 

In 1904, Pavlov received the Nobel award for his work on di- 
Sestive secretions, In his speech of acceptance, he not only reviewed 
his achievements in that field but he also described the new type 
of research which he was then undertaking, on which his greater 
fame was to rest, and he explained how it arose out of the problems 
Posed by his work on digestion. Others before him had noticed the 
So-called psychic secretion, that is, the secretion of digestive juices 
in the stomach of an experimental animal when it had only seen 
food at a distance, or witnessed the preparations for feeding, and 
had not yet taken it into his mouth. But whereas to others it had 

en a mere curiosity or a nuisance which upset their experimental 
Controls, Pavloy recognized it as an opportunity to gain a deeper 
understanding of the operation of the nervous system. 
« His theoretical orientation had been greatly influenced by the 
nervism” of Botkin, a clinical professor of medicine who always 
mphasized the part which the nervous system played in every 
disease syndrome. In an article which dealt with the innervation of 
p heart, Pavlov once wrote (as quoted by Koshtoyants, 1946): 

he idea of the investigation and the execution of it were mine 
alone, But I was surrounded by the clinical ideas of Professor Bot- 

n—and with hearty gratitude I acknowledge the fruitful influence, 
not only on this work but on my physiological views in general, of 

Nat broad and profound nervism, often outstripping the experi- 
Mental facts, which represents, in my opinion, the great service of 
Sergei Petrovich to physiology.” Pavlov added this footnote: By 
netvism I understand the movement in physiology which seeks to 
extend the influence of the nervous system to as many of the or- 
8anism’s activities as possible." 

In his own research, therefore, Pavlov emphasized the im- 
Portance of the nervous control of gastric secretions. He carried to a 
new level of perfection a surgical procedure which permitted the ob- 
Servation of these secretions in an isolated portion of the stomach 
Where food did not enter, but which had all of its innervation 
intact. He prided himself that his success in demonstrating the nerv- 
Ous control of these secretions was “due to the fact that we stimu- 
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lated the nerves of animals that freely stood on their own feet and 
were not subjected to morbid irritation either during stimulation of 
their nerves or immediately before it.” 

To pursue his problem farther, it was necessary to gain an under- 
standing of the “psychic secretions,” and not to regard them as 
merely a nuisance or a curiosity. Pavlov indicated that considerable 
soul searching preceded the decision that the attempt would be 
made to investigate this problem by purely objective means, without 
constructing any hypotheses about the conscious experiences of the 
experimental animals, This decision, in itself, was not so revolu- 
tionary as is sometimes supposed. The credit for it must be shared 
with Sechenov, who had written that only the physiologist was quali- 
fied to investigate the problems of psychology; with Heidenhain, 
who insisted that all subjectivism must be excluded from physio- 
logical experimentation, and had specifically objected to Munk’s 
speculative assumptions about the mental state of dogs; with Loeb 
and the group of like-minded young German physiologists—Beer, 
Bethe, and Uexküll-who had quite recently written their famous 
programmatic article (1899) which called for the use of a completely 
objective terminology in dealing with behavioral phenomena. The 
principle of objectivism was not new. Pavlov found a new way to 
apply it, by recognizing that the study of salivary secretion, which 
he himself described as a rather inconsequential function provided 
a means for strictly objective quantitative stud 
“higher nervous activity.” 

In Pavlov’s laboratory, Wulfson made the 
of the effects on salivary secretion of the remote presentation of 
both edible and nonedible objects which had been associated with 
feeding. Tolochinov, continuing this work, discovered the need for 
continued reinforcement with actual feedin 
to continue. Communicating this result to a scientific meeting at 
Helsingfors, Finland (almost a suburb of St. Petersburg), Tolochinov 
spoke of the innate reflex as “unconditional,” and of that to the 
remote stimulus as “conditional.” In 1903, Pavlov brought the new 


line of research to the attention of physiologists generally during 
an international congress at Madrid, and he used these same words, 
stressing that “the main feature of the 


its obvious caprici Psychical experiment is its 
i i ric à ns ; 
impermanence, priciousness," because it is subject to 


y of problems of 
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inhibition of various kinds. He made the same point at Stockholm, 
in his acceptance of the Nobel prize, and again in England, in 1906, 
in delivering the Huxley lecture. But this time, by some error of 
translation, he used the words “conditioned” and “unconditioned,” 
instead of conditional and unconditional. Yerkes and Morgulis 
(1909), in the first review of this material for American readers, 
remarked on the error in a footnote, but they elected to follow Pav- 
lov's precedent. Thus a source of misunderstanding was introduced 
into English and American usage. 

The context of Pavlov's discussion never leaves any doubt that 
the meaning he wished to convey is that of the words conditional 
and unconditional. He spoke of the conditional reflexes as “tempo- 
rary connections,” and he emphasized that they lack the certainty 
and regularity of occurrence of innate reflexes, which can by con- 
trast be called unconditional, that is, sure to occur in response to the 
adequate stimulus despite other circumstances and conditions. One 
may, if one will, question whether any vertebrate reflex is so in- 
Variable that it deserves to be called unconditional. One cannot 
question Pavlov's meaning, which was that the new reflexes which 
Were established by the procedure of paired stimulation were both 
temporary and variable in their manifestation. He was expressing 
the same thought which Sechenov had had as far back as 1856: 
that the response to a given stimulus is inconsistent whenever the 
Cerebral hemispheres are involved in the reaction. 

Nor did Pavlov have any doubt from the beginning, as is evi- 
dent in his Madrid address of 1903, that the exploration of this 
consistency would require careful attention to the problems of 
Neural inhibition, This aspect of Pavlov's research had no appeal to 

atson and the other early behaviorists. They welcomed Pavlov's 
Work for two reasons: first, because it provided a useful technique 

or the investigation of sensory discrimination in animals, and later 
(only after it had become clear that “frequency and recency” were 
"adequate as principles of learning) as a way of explaining as- 
SOciative learning without reference to consciousness. The con- 
ditioned reflex—the reflex which the experimenter produces by his 
arrangement of conditions—was the answer to the behavorist’s prayer 
for a device by which he could “predict and control” behavior, and 
it would have been wholly out of keeping with the Watsonian tem- 
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perament to emphasize its conditional nature. Pavlov, the greater 
scientist, concentrated his attention on what he did not yet under- 
stand, on the element of inconsistency in the phenomenon he dis- 
covered, and this drew him inevitably into research on the nature 
of inhibition. (In order to be faithful to the spirit of Pavlov's writing, 
we shall replace the terms “conditioned reflex” and “conditioned 
stimulus,” and the like, with “conditional reflex,” “conditional stimu- 
lus,” etc., wherever they appear in translations of Pavlov's work 
which will be quoted during this chapter.) 

In his Madrid address, Pavlov stated that after secretion has be- 
gun in response to the sight of bread, it can be checked by the sight 
of meat. We are left in no doubt about his opinion that this is à 
phenomenon of inhibition, but it is unclear whether he thought 
that the inhibition arises because the dog does not characteristically 
salivate in response to meat, a moist food, or because of the “well: 
known fact that a very strong desire often inhibits certain special 
reflexes.” The fact that the conditional reflex becomes weakene 
if it is repeated under conditions of nonfeeding, is described as 4 
problem calling for investigation, but it is not yet regarded as an 
effect of inhibition. A number of other inhibitory phenomena are 
described, some specifically as inhibitions and others not, but nO 
systematic presentation is attempted. 

In 1909, Pavlov summarized the first ten years of research into 
conditional reflexes, and he gives us the following picture of his 


views on the nature and importance of inhibition, as they had de 
veloped up to that time. 


Since the center of the conditional reflexes is located in the higher part 
of the nervous system, where collision of numberless influences from the 
external world is always taking place, it is understandable that a neve! 
ending struggle takes place between the various conditional reflexes, or * 
selection of them at any given moment. Hence—constant cases of inhibi- 
tion of these reflexes. Three kinds of inhibition have now been established 
—simple, extinguishing, and conditional, Taken together they form the 

oup of external inhibition, since they are based on the addition of # 
collateral external agent to the conditional stimulus. On the other hanc; 
an already formed conditional reflex, because of its internal relations 
alone, is subject to constant fluctuations, even 


is i ibi to l i a ance 
for brief periods, i.e., is inhibited internally, complete disappear: 


For example, if even a very 
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old conditional reflex is repeated several times without being accom- 
panied by the unconditional reflex, with whose help it was formed, it 
egins at once gradually but steadily to lose strength and, more or less 
quickly, is reduced to zero, i.e., if the conditional reflex, as a signal of 
the unconditional, begins to signalize incorrectly, it gradually loses its 
stimulating effect. This loss of effect occurs not by the destruction of the 
conditional reflex, but solely because of its temporary inhibition, since the 
conditional reflex thus extinguished is restored of itself after some time. 
ere are still other cases of internal inhibition. Further experimentation 
revealed a new important side of the problem. It proved that, in addition 
to excitation and inhibition of excitation, inhibition of the inhibition is 
Just as frequent, i.e., disinhibition. It is impossible to say which of these 
three acts is most important. It should be simply stated that all higher 
nervous activity, as manifested by the conditional reflexes, consists of a 
constant interchange, or to be more precise, equilibration of these three 
Sy ead inhibition and disinhibition (Pavlov, 1957, 


Pavlov went on to discuss the work of the “analyzers’—a term 
Which includes all of the neural and sensory structures by which 
stimuli are elaborated. This leads into the discussion of differentia- 
tion, and the statement that “differentiation develops as a result of 
an inhibitory process, as if through a suppression of all other parts 
of the analyzer except the given one. . . . If the equilibrium be- 
tween the excitatory and inhibitory processes is broken down in 
avor of the former by the administration of stimulants such as 
Caffeine, then the well-elaborated differentiation is immediately 
and Sharply deranged, and in many cases disappears altogether, 
although temporarily." 

Pavlov asked: “How is the temporary connection, the conditional 
reflex formed?” His answer is an approach to the theory of concen- 
tration of nerve impulses, which his critics contend should not seri- 
9usly be considered as a statement of physiological facts, or even 
as a reasonable physiological hypothesis. 


. In the higher nervous system, when the process of formation of condi- 
ona] reflexes occurs, the following procedure takes place: if a new, 
Previously indifferent stimulus, upon entering the cerebral hemispheres, 
meets in the nervous system at that moment a focus of strong excitation, 
it begins to concentrate, as if working its way to this focus, and thence 
to the corresponding organ; thus it becomes a stimulus of that organ. 
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On the contrary, when there is no such focus, it disperses in the mass of 
cerebral hemispheres without producing any pronounced effect. Such, 
then, is the formulation of the fundamental law of the higher part of the 
nervous system (Pavloy, 1957, p. 211) 


Not long afterward, Pavlov added sleep and hypnosis as forms of 
inhibition, because of the repeated experience of having animals fall 
asleep in their experimental harness, under conditions which pro- 
duced strong internal inhibition. Three principal kinds of inhibition 
were now recognized. Internal inhibition is based on the relations 
existing among the factors directly involved in the conditional 
reflex and the unconditional reflex which was utilized in form- 
ing it. Its principal manifestation is the gradual extinction which 
takes place when the reflex is repeatedly exercised without rein- 
forcement, and the clearest indication that an inhibitory process is 
involved is still the spontaneous restoration of the reflex during 
a period of rest following such extinction. External inhibitions are 
those which take place as a result of competition among stimuli 
which would normally lead to different reflexes than those directly 
involved in the training procedure. Stimuli which lead to orienta- 
tion and defensive reflexes are especially effective. Sleep is Ye 
garded as a protective inhibition Which results from fatigue of the 
neural elements and can be induced by repetitive stimulation of any 
kind. It tends to spread throughout the nervous System; but, when 
it is limited to certain areas, it constitutes hypnosis. In 1919, in one 
of his early ventures into the field of psychiatry, Pavlov defined 
catalepsy also as an “isolated inhibition of the motor cortex,” and 
hence a kind of hypnosis, (Translations of all of Pavlov's papers re- 
ferred to on the preceding pages may be found in Pavlov, 1957.) 

In 1927, the English-reading world had its first opportunity to get 
a firsthand statement of Pavloy’s theories, and the facts on which 
they were based, when Anrep translated Pavlov's revision of a series 
of lectures which he had delivered in 1924. The title of the Russian 


he Cerebral Hemispheres, but 
itable misleading title, Con- 
next year, a series of Pavlov's 
address in 1903 and ending 
SO appeared in translation, aS 
Pavlov, 1928). The translator 


ditioned Reflexes (Pavlov, 1927). The 
addresses, starting with the Madrid 
with the Croonian lecture in 1928, al. 
Lectures on Conditioned Reflexes ( 
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of this volume was Horsley Gantt. Both books are "known" to all 
Western psychologists, but their reading in them has been ex- 
tremely selective, and the fact that the experimental procedures and 
results as described did not seem to include all the methodological 
controls which psychologists usually expect made it a relatively 
easy matter to dismiss as unfounded hypothesis any conclusion not 
readily assimilated into the systematic views of the reader, whoever 
he might be. The doctrine of “conditioned reflexes," based on stimu- 
Us substitution, had readily become a foundation stone of behavioris- 
tic Psychology, but the concept of inhibition was dismissed as 
unjustified. Tt is therefore not out of place to summarize the very 
extensive material on inhibition which appeared in the series of 
lectures translated by Anrep. 

It is well to recognize at the outset what Pavlov stated near the 
end of the book: that he made no attempt to investigate the intimate 
Nature of inhibition. He said: “In this research we were not con- 
cerned with the ultimate nature of excitation and inhibition as such. 

€ took them as two fundamental properties, the two most impor- 
tant Manifestations of activity, of the living nervous elements. . . . 

€ primary aim of our research was the accurate determination and 
tabulation of different phases of the cortical activity—the absence 
°F presence of an inhibitory or excitatory phase, the exact conditions 
Under which the intensity of the excitatory or inhibitory process 
varied, and the mutual interrelation between these processes." 
, ne might say that inhibition and excitation were, for Pavlov, 
intervening variables, in the sense defined by Tolman when he 
Introduced that phrase. Pavlov might have avoided some con- 
Usions if this methodological clarification had been available to 
™, and his readers might have been less disturbed by the non- 
Physiological: nature of his "physiological" hypotheses if they had 
en accustomed to think in terms of intervening variables. Pavlov 
might then have avoided slipping into hypotheses based on an 
implicit assumption that excitation and inhibition are two opposing 
Orms of activity of the same nerve cells, and hence, for example, 
that inhibition is to be regarded as a result of cellular exhaustion. 
ut there is little profit in dwelling on Pavlov's errors and con 
sions. We must read the record of his research, and that of his 
followers, for what it does contain—the evidence of simultaneously 
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active excitatory and inhibitory processes which often seem to be 
contending for the control of behavior. 

The first three lectures of Conditioned Reflexes include, in ad- 
dition to much introductory material, virtually all that will be said 
regarding the formation of positive conditional reflexes. Even here, 
Pavlov found that he could not avoid mentioning certain inhibitory 
effects. For example, he warned that during the establishment of 
secondary conditional reflexes one must be careful to allow a 
generous interval of time between the new stimulus and the primary 
stimulus, if one is to avoid a totally different effect “which will be 
treated in the fifth lecture’—that is, conditional inhibition. The 
discussion of trace reflexes, where the response follows the stimulus 
after a considerable time interval, cannot be left without reference 
to the inhibition of delay, which will not be dealt with until 
Lecture VI. 

The last part of Lecture III is given over to a discussion of ex- 
ternal inhibition, that is, the inhibition which arises from the action 
of “any extra nervous excitation” which occurs. In the simplest case, 
“the appearance of any new stimulus immediately evokes the in- 
vestigatory reflex and the animal fixes all its appropriate receptor 
organs upon the source of the disturbance, , 


investigatory reflex, but some Specialized reflex, “the resulting in- 
hibition is extremely profound.” Another source of external inhibi- 
tion may be a bodily stimulus such as the need for micturition, 
which interferes with the performance of conditional reflexes. That 


" eai n to physiolo- 
gists. However, these inhibitory phenomena are all of the n d pent 
almost any Western psychologist would 
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assume the existence of a process of inhibition in the brain. (It was 
at about this time that Sherrington defined the “central inhibitory 
State" as a factor in spinal reflex activity.) 

It would not be misleading to say that the remaining twenty 
lectures deal with the problems of internal inhibition, that is, with 
inhibitory effects which result from relationships among the stimuli 
and the responses directly involved in the production of the con- 
ditional reflex, Certainly there is no chapter in which such problems 
do not enter, and few pages which can be read understandingly 
Without a recognition of what Pavlov means by internal inhibition. 
_ Lectures IV to VIII are devoted to four major manifestations of 
Interna] inhibition: extinction, conditional inhibition, delay, and 

€rentiation, An important difference between internal and ex- 
ternal inhibition is emphasized: “Whereas . . . external inhibition 
75 produced on the very first application of an extra stimulus, in- 
“mal inhibition on the other hand always develops progressively, 
quite often very slowly, and in many cases with difficulty.” The 
eXperimental extinction of a conditional reflex, which takes place 
When the reflex is repeatedly exercised without reinforcement! 
otten progresses quite irregularly, and this is assumed to be due to 

e interference of minor incidental external inhibitions, which 
Counteract the developing internal inhibition, and thus exert dis- 
inhibiting influence. 

ere are many evidences that extinction is an inhibitory process: 

(1) the Spontaneous recovery of the conditional reflex after an inter- 
val of rest; (2) the fact that other conditional reflexes are weakened 
simultaneously, though to a lesser degree; (3) the fact that the 
Strength” of the reflex can be reduced below zero, by continuation 

of the extinction process, as shown by the slower spontaneous re- 
covery after such extended extinction; (4) the existence of suscepti- 
ility to disinhibition—that is, the extinguished reflex will occur with 

ull force if some sudden strong external stimulus is introduced; 
(5) the fact that extinction is slow in excitable dogs, and rapid in 
Os of the quiet or inhibited type. All of these phenomena, and 

1To avoid misunderstanding, let it be noted that in this chapter the term 
Teinforcement is used throughout in the Pavlovian sense, as the administration 


of the unconditional stimulus, and not as implying the use of any "satisfier" or 
N€ Occurrence of any “drive reduction.” 
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TABLE 2. Inhibition by a Differential Stimulus 


Salivary Secretion 
Stimulus Applied in Drops During 30 


Time During 30 secs. secs. Remarks 
12.10 P.M. Tone 8 Reinforced 
12.25 p.m. Tone, X lower 0 Not reinforced 
12.26 p, Tone 0.5 Reinforced 
12.56 r.m. Tone 4 Reinforced 


ep oURCE: From Pavlov, Conditioned Reflexes, 1927, p. 125, based on an experiment by 
akov, By permission of Clarendon Press, 


based on arbitrary selections. In this instance, a dog has been trained 
to differentiate a difference of only one-eighth of a tone, and the 
application of the inhibitory stimulus causes a marked reduction in 

* response to the positive stimulus one minute later. 

."avlov made the extremely interesting point that the limits of 

ifferentiation for the animal are not determined by the limits of 
*ensory discrimination (or analysis, in his terminology) but by the 

alance of excitatory and inhibitory processes. When an extremely 
ne discrimination is required, the animal may at first show himself 
capable of performing successfully, but after several repetitions the 
ifferentiation may break down, and with it all of the coarser dif- 
«reDüations which had been attained previously also disappear. 
en the stage of minute differences between stimuli is reached, 
Ysis of itself appears still feasible, but the relations existing 
etween the excitatory and the inhibitory processes seem to present 
an insurmountable obstacle to its continued and permanent uti- 
lization by the animal for an appropriate responsive activity.” 

It is also possible to develop differentiations such that two 
stimuli presented together as a compound stimulus will have an 
inhibitory effect, although either stimulus alone will have an excita- 
tory or positive effect; or contrariwise, that the compound stimulus 
Shall be positive, and one or both of the stimuli given separately 
Shall be inhibitory. But here we are obviously dealing with instances 
of conditional inhibition, and we can see the justice of Pavlov's 
Statement that conditional inhibition is only a special kind of dif- 


anal 
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ferentiation. Again, Pavlov emphasized that a conditional inhibitor 
is not merely a stimulus which, as a result of training, fails to evoke 
a reflex response, but that it is a stimulus which evokes a very 
definite inhibitory effect. We limit ourselves here to only one of 
Pavlov's arguments: When a stimulus has acquired the character of 
a conditional inhibitor, so that when it is paired with another 
positive stimulus it will tend to diminish the response to that stimu- 
lus (as a light paired with a metronome may be made an inhibitor 
for the secretion which otherwise occurs on presentation of the 
metronome beat), then the introduction of another stimulus which 
is not too strong, and can be expected to act as a disinhibitor, 
serves to negate the effect of the conditional inhibitor and thus 
restores the positive effect of the previously counteracted conditional 
stimulus. This disinhibiting effect shows that an inhibition, in the 
strict sense of the term, has been taking place. (Wagner's experi- 
ments with bees, cited in Chapter 4, constitute a specific example 
of disinhibition of this type.) The possibility of demonstrating such 
effects in strictly quantitative form represents one of the great ad- 
vantages of working with salivary secretion as a response, rather 
than with the overt motor reflexes used by Bekhterev (1910). 
Another manifestation of internal inhibition is the possibility of 
delaying the response to a conditional stimulus. For example, if 
during training a metronome is sounded for one minute before the 
reinforcement occurs, then the conditioned salivary secretion starts 
to flow about fifty seconds after the metronome begins to beat. 
Pavlov asked: Are we to Suppose that the excitatory process itself 
begins after a long interval, or that it is present from the beginning, 
but is at first masked by a simultaneous inhibitory process? That 
the latter is the case is again demonstrated by the phenomenon of 
disinhibition—if an extraneous stimulus is introduced during the 
delay period, the inhibition of delay is at once inhibited, and the 
secretion commences, Furthermore, this secretion will be accom- 
panied by the motor response which is appropriate to the stimulus 
being used. Pavlov emphasizes that “the extraneous stimulus acting 
on the positive phase of the reflex inhibits, and acting on the 
negative phase disinhibits, in either case, therefore, reversing the 
nervous process prevailing at the time.” However, “the inhibitory 
process is more labile and more easily affected than the excitatory 
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Process, being influenced by stimuli of much weaker physiological 
strength." He also pointed out that it is possible to transfer inhibi- 
tory function from a primary to a secondary conditional inhibitor, 

y causing previously neutral stimuli to coincide with primary 
inhibitors, 

We look next at the content of Lectures XIV to XVI, which deal 
With sleep and certain sleeplike states which sometimes arise in 
the course of experimentation. The occurrence of sleep in animals 
under the rather monotonous conditions of experimentation should 
Dot of itself be too surprising, for, as Pavlov pointed out to his 
€cture audience, “it is a common experience that man, when unused 
to an intensive mental life, usually falls into drowsiness and sleep 
When subjected to the accompanying monotonous stimuli, however 
unfortunate such drowsiness or sleep may be as to place and as to 
time," Nevertheless, the abruptness with which sleep sometimes 
Overcame the experimental animals was surprising, and demanded 
explanation, 

Pavlov arrived at the conclusion that sleep is merely a more 
Seneralized internal inhibition, or, to state it in other terms: “In- 
ternal inhibition during the alert state is nothing but a scattered 
Sleep, sleep of separate groups of cellular structures; and sleep 
Itself is nothing but internal inhibition which is widely irradiated, 
extending over the whole mass of the hemispheres and involving 
the lower centers of the brain as well. Thus internal inhibition in 
the alert state of the animal represents a regional distribution of 
Sleep which is kept within bounds by the antagonistic process of 
excitation.” Under experimental conditions, therefore, “internal in- 

ibition invariably passes into sleep unless precautions are taken” 
and the appearance of sudden sleep means no more than that an 
inhibitory process has been evoked without a sufficiently strong 
excitatory process to delimit it. (The relation of this theory to other 


Cories of sleep will be discussed in Chapter 11.) 
From the theory of sleep as a form of internal inhibition it is an 


Obvious step to the theory of hypnosis as a localized sleep—a theory 
already advanced more than once in the nineteenth century. Pavlov 
Stated, furth ermore, that if the inhibition embraces the entire cor- 
tex, but does not embrace the lower centers dealing with posture 
and equilibrium, then the animal is in a state of catalepsy. These 
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hypotheses are less interesting, however, than certain experimentally 
induced transitional states first described by Razyenkov (or Rosen- 
kov, in Anrep’s transliteration). By using a positive and differential 
stimulus in immediate succession, Razyenkov (1959) brought about 
a condition which persisted for some days in which those stimuli 
which previously had strong positive effect became “weak,” and 
those which previously had slight positive effects became “strong 
He called this a paradoxical phase. It was followed by a period of 
shorter duration in which all the stimuli, regardless of intensity, 
produced equal effects, and this was called the phase of equalization. 
These experiences recalled certain observations made many years 
before by Shishlo, that animals in a state of drowsiness would some- 
times respond positively to negative stimuli, and negatively, that is 
with inhibition, to positive stimuli. Fitted into the picture provided 
by the later experiments, this was now called the ultraparadoxical 
phase. Although the explanation of these effects is unclear, Pavlov 
had no doubt that they are based on the distribution of inhibition 
in the cortex in transitional states between alertness and sleep. 

We turn back now to consider the content of Lectures IX t9 
XIII, which are concerned with interactions between excitation aD 
inhibition in the cortex. The theory of irradiation and concentration 
of cortical processes is presented. Probably no one would contest 
the statement that there is a tendency for the excitatory process to 
irradiate, but Pavlov described a series of experiments (by Kras- 
nogorsky, Anrep, Kogan, Ivanov-Smolensky, and others) purporting 
to demonstrate irradiation of the inhibitory process. This was & 
surprising discovery, because inhibition had always been thought of 
as a nonpropagating phenomenon. We select Anrep's work for pur- 
poses of illustration, because the data for this experiment are more 
completely presented. He first established a conditional salivary 


reflex to tactile stimulation of any point on the skin, Then one point, 
between the neck and the chest, was selected for use in an inhibi- 


tory connection with a buzzer, and when it was used in this com- 
bination it was not reinforced. In each of a series of test experiments, 
the strength of response to one of the positive points would be: 
tested first, then the inhibitory combination stimulus was applied, 
and at intervals thereafter the strength of response at the positive 
point was retested. Table 3 shows the strength of the inhibitory 
effect at various positive points and at different intervals of time 
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Pavlov 
TABLE 3. Irradiation of Inhibition 
Percentage of Inhibition Observed at Different 
Place Stimulated Intervals of Time 

0" 15" 30" 45" 60” 120” 180" 
Forelimb 30 54 29 19 10 
Fore paw 45 66 39 22 13 
Between neck and chest? — 91 75 50 37 17 
Middle of chest 52 58 69 57 45 34 13 
Pelvis 37 65 39 29, 13 
Thigh 27 57 93 JT XI 
96 3l 22 20 10 " 


Hind paw 19 
uec paw. O O O Se Eee 


* Place primarily inhibited. 
Source: From Pavlov, Conditioned Reflexes, 1927, p. 168, based on an experiment by 


Anrep (1923). By permission of Clarendon Press. 


after administration of the inhibitory combination, based on aver- 
aged results under each condition. In general, the inhibitory effect 
declines with distance from the inhibitory point, as well as with 
time, Except at the point where the inhibitory combination had 
been applied, the inhibition does not reach its maximal strength 
Until after an interval of about 30 seconds. 

On the basis of many such experiments, Pavlov concluded that 
the process of inhibition irradiates, or spreads through the cortex, 
and then recedes again or concentrates to the point of origin, the 
Phase of concentration being slower than the phase of irradiation. 
Although these results may be open to some different interpretations, 
it is of interest to point out that M. J. Bass and Hull (1934) did es- 
Sentially the same experiment with human subjects using the gal- 
Vanic skin reflex. Their procedure was to use contact on the upper 
back, the lower back, the thigh, or the calf as conditional stimulus 
reinforced by an electric shock, then to subject one point to experi- 
mental extinction and thereafter measure the responses produced 
by stimulation at the other points. The resulting gradients were 
found to be in agreement with predictions based on Pavlov's 


doctrine. 
Lecture XI gives evidence that "induction," as described by Sher- 
rington for spinal inhibition, also occurs in the cortex. A localized 


inhibitory effect evokes an excitatory process in the surrounding 
region, and this is called "positive induction. ” A localized excitatory 
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process evokes an inhibitory process in the surrounding region, and 
this is called “negative induction.” There is also a temporal pattern 
to induction—an inhibition which is aroused following an excitation 
will be more strongly inhibiting than it would otherwise be, and 
vice versa. Needless to say, the interaction of these induction 
effects with the irradiation and concentration of excitation and 
inhibition produces very complex patterns of inhibition. One conse- 
quence is a wavelike fluctuation of inhibitory effects after the 
cessation of an inhibitory stimulus. The biological value of the 
process of induction, as Pavlov saw it, is that it tends to delimit the 
spread of both inhibition and excitation, favoring the establishment 
of localized patterns which are essential to complex forms of re- 
sponse. In later years the Pavlov school started to study “dynamic 
stereotypes” consisting of organized sequences of positive and in- 
hibitory stimuli, in which such interactional effects were quite 
important. 

Lectures XVII and XVIII present Pavlov's theory of nervous 
types. Although four types are described, corresponding roughly 
to the so-called Hippocratic temperaments, we shall limit ourselves 
here to the two main types, the so-called excitable and inhibited 
types of nervous system, and the kinds of functional disturbance 
which are characteristic of these two types of dogs, under conditions 
of experimentally induced “neurosis.” The excitable dogs are highly 
reactive and aggressive under ordinary conditions; but surprisingly, 
they are the animals most prone to drowsiness under the monotony 
of experimental conditions, and they cannot be used successfully 
as experimental animals except by providing them with a variety O 
stimuli, avoiding long pauses, and simultaneously developing bot 
excitatory and inhibitory reflexes. At the other uci are the 
inhibited dogs, which are generally timid in their behavior, need 
uniform conditions, but tolerate these better and are therefore much 
more resistive to sleep under experimental conditions. Pavlov stated 
that the excitatory process is dominant in the first type and the 
inhibitory process in the second, and that it is possible to classify 
all dogs as tending in one direction or the other, although of course 
most do not belong to the extreme types. 

Adaptive behavior, whether in the experimental laboratory or 
under the ordinary conditions of living, requires a balance of the 
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inhibitory and excitatory processes, which each animal maintains 
as long as conditions are not too difficult, although the tendency to 
a dominance of excitation or of inhibition is apparent in the general 
manner of behaving. However, there are certain conditions under 
Which the maintenance of this balance becomes impossible, and in 
the pathological behavior which results the animal's basic type 
Shows itself, in a strong and excessive predominance of excitation 
or inhibition, as the case may be. One situation which can lead to 
Such loss of control arises when a painful stimulus—an electric shock 
—is used as the conditional stimulus for alimentary salivation. Obvi- 
ously, such training requires strong inhibitory control of the innate 
Motor defensive reflexes. After successfully training an excitable 
animal in this manner, so that it responded with alimentary sali- 
vation even to quite strong electrical shock applied at a given spot, 
Erofeeva made the attempt to generalize the reflex, by applying 
the shock to other spots on the skin. Although this appeared to be 
Proceeding successfully, suddenly "everything underwent an abrupt 
and complete change. No trace of the alimentary reaction was left; 
Instead only a most violent defense reaction was present," even in 
Tesponse to very weak stimuli. The experiment was repeated on 
Other animals, with similar results. 

Another and quite different situation which leads to pathological 
behavior has already been mentioned in our discussion of dif- 
ferentiation; When very fine discrimination is demanded, the animal 
may lose control, and fail even to perform the coarse discriminations 
which it had mastered perfectly long before. . 

The single interpretation placed upon both sets of results is that 
"under certain conditions the clashing of excitation with inhibition 
led to à profound disturbance of the usual balance between these 
two processes, and led in a greater or less degree and for a longer 
9r shorter time to pathological disturbances of the nervous system. 
- . . A balance of the two antagonistic processes was satisfactorily 
maintained until a certain critical stage was reached, when, under 
the stress of the delicate antagonistic relations of the stimuli, the 
further adjustment of the balance became impossible and finally 
gave way to an undisputed predominance of one of them, producing 


a pathological state." : 
When such pathology results, excitable animals become exces- 
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sively excitable, losing all control because they react violently to the 
slightest stimulation, and inhibited dogs become excessively in- 
hibited, so that they fail to respond at all to even very strong 
stimuli. 

The characterization of the typical responses of these two types 
has been based in large part on the work of Petrova, who, it may be 
remarked, was exceptional among Pavlov’s coworkers in that she 
had a previous background as a clinician. Her previous work with 
children doubtless prepared her for the concept that some indi- 
viduals are temperamentally disposed to over-react, while others 
are relatively nonreactive, Selecting dogs of extreme excitable and 
inhibited types, she trained both in a series of long-delay reflexes, 
with intervals up to three minutes—a procedure involving much 
judicious management with the excitable dog, though relatively 
easy for the inhibited one. Both animals were also trained in @ 
number of conditional inhibitory reflexes. Under stress, the inhibi- 
tory reflexes of the excitable dog, and the positive reflexes of the 
inhibited dog, were the first to be upset. 

Pavlov mentioned that the use of bromides is an effective therapy 
for the pathological excitations. From the nature of the results, he 
deduced that “bromides should not be regarded as sedatives di- 
minishing the excitability of the central nervous system; they simply 
regulate the activity of the nervous system by strengthening the 
intensity of internal inhibitions.” This conclusion represents an in- 
sightful anticipation of the findings of recent neuropharmacology> 
that many sedating drugs obtai 


n their effects by promoting inhibi- 
tion, rather than by reducing excitation (see Ghan 15). E 


Lectures XIX to XXI deal with the effects of surgically produced 
lesions, and of the scars consequent upon them. The material in 
these chapters has probably been read in t 


pters has pi he past with an eye 
chiefly to its implications as regards localizati 


" x on of functions in the 
cortex. Pavlov believed strongly in the doctrine of localization—a 


oint of view which was long out of favor among American psy- 
chologists, because of Lashley's influence, Earlier, Paylov had 
described the cortex as “a mosaic of functions,” 


x s » in which each con- 
ditional reflex "must have definite representation in the cerebral 


cortex in one or another definite group of cells,” Now, basing him- 
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self largely on the work of Zeliony with decorticate dogs, he takes 
the position that the cortex is essential for development of con- 
ditional reflexes—a needlessly sweeping conclusion which was to 
exercise a deterrent influence on the future development of the 
theory of conditioning. A variety of experiments by other investi- 
gators show how extirpation of one portion of the cortex or another 
Testricts the range of stimuli to which the animal can respond 
conditionally, or the degree of differentiation that can be achieved. 

Our present interest, however, is primarily in Pavlov’s deductions 
regarding the nature of inhibition. He pointed out, for example, 
that when conditional reflexes get reestablished some time after the 
immediate effect of the surgery has worn off, “they are found not 
Only to regain their normal strength but often to exceed it, often 
also becoming considerably more stable than before. The inhibitory 
Process, on the other hand, grows weaker.” Illustrations of the 
Weakening of inhibition are: “In many dogs there is observed after 
the operation a very definite prolongation of the salivary secretion 
Which follows the administration of an unconditional stimulus: the 
length of time required for complete extinction of the reflex also 
becomes in many dogs very prolonged: the development of differ- 
entiations and conditional inhibitions becomes more difficult and 
very often salivary secretion is observed in between the application 
of the stimuli—this never happening before.” Also, “the inhibitory 
Process becomes inert; and so to speak inflexible,” so that it does 
Not become concentrated in the same manner as in the normal 
animal. Also, the best indicator of an approaching convulsion, to 
Which such operated animals are susceptible, is “in the disappear- 
ance of differentiations, ie, in a disturbance in the inhibitory 
Process,” . 

After describing the influence of various brain lesions on the 
acquisition and performance of conditional reflexes, and on be- 
havior generally, Pavlov says that these observations tend to con- 
firm the generally accepted theories, ‘but what our experiments do 
most emphatically refute is the doctrine of special ‘association’ 
Centers, or, more generally, of the existence in the hemispheres of 
ecial area on which the higher functions of the nervous 


some s 
r ' This conclusion is consistent with the picture of 


System depend.’ 
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inhibition given by all of his work, namely, that it is a phenomenon 
which is as universal as excitation, and which has no special seat 
in the brain. 

The concluding lectures deal with new problems under investi- 
gation, and with the possibility of applying what had been learned 
about the pathological behavior of dogs, and the techniques of 
their management in different types of animals, to the treatment of 
analogous disturbances in humans. This material was developed 
more extensively in later years, becoming the principal focus of 
Pavlov's activities after about 1930. (See Ivanov-Smolensky, 1954.) 

However, a careful reader would also have found mentions that 
work had been begun with permanently implanted electrodes, and 
that the effects of various schedules of partial reinforcement were 
being investigated—methodological hints which would have been 
taken up more promptly by research workers elsewhere if they had 
been less skeptical about Pavlovian method in general. 

Pavlovs book is a condensation of more than a quarter of a 
century of research, drawing on the contributions of scores of com- 
petent collaborators, whose names have for the most part been 
omitted in this synoptic account. It lacks the finality of Sherrington $ 
great work, but it has a much broader scope, and serves throughout 
to open problems rather than to close them. It is much more than 
a study of conditioned reflexes, in the sense in which that phrase 
is usually understood by psychologists. Rather, making use of con- 
ditional reflexes as a methodological technique, it is a study of the 
interaction of excitatory and inhibitory reaction tendencies, in which 
inhibitory tendencies receive the greater share of attention. It 
demonstrates, over and over again, the absolute necessity of taking 
the inhibitory process into account whenever we wish to explain 
any response to any stimulus. If the conditioned-response approach 
to the analysis of behavior has seemed relatively sterile, the re- 
sponsibility for this certainly does not rest with Pavlov and his 
collaborators, who adequately demonstrated the shortcomings of 
any account of behavior in terms of excitatory stimulus-response 
bonds, but with us, for whom the record of their research was 
spread out thirty-five years ago, and who failed to note that oP 


its every page inhibitions are an essential part of all adaptive 
behavior. 


RIVALS AND FOLLOWERS 10 
OF PAVLOV 


The interest in inhibition which was initiated by Sechenov and 
Continued by Wedensky and Pavlov has remained characteristic of 
all Russian physiological psychology. Regretfully, we must forego 
as beyond our powers the forbidding task of summarizing the truly 
Vast literature of this subject. We shall try only to indicate some of 
the main lines of its development, by discussing the work of perhaps 

alf a dozen outstanding men, some of whom may be called rivals 
s Pavlov, some his critics, and some his followers. 

Among the rivals, Bekhterev is well known for his advocacy of 
an objective psychology under the label of “reflexology,” and for 

is introduction in 1907 of a method of studying what he called 
Motor associative reflexes, by the technique generally called instru- 
Mental conditioning in American parlance. This innovation had 
“ndoubted value, but its importance was reduced by the later de- 
velopment of techniques for conditioning of pupillary and galvanic 
Skin reflexes, methods which are applicable to human subjects and 
Which share with the salivary reflex the advantage of being free 
IM Voluntary control by the subject. History does not share 

9khterey's partisan opinion that instrumental conditioning was a 
more valuable scientific tool than salivary conditioning. 

MAS respect to our central problem, inhibition, Bekhterev con- 
tributed little that was of importance. As a neurologist, he had no 

Subts about the reality of inhibition, but he made little use of it 
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in his early work. The mentions of inhibition in Objektive Psychol- 
ogie (Bekhterev, 1910) are a few sweeping generalizations, his major 
emphasis being on the establishment of associative bonds. Inhibition 
assumed a more important role in his later writings, and without a 
careful study of original publications it would be reckless to assign 
precise credits to the Pavlov and Bekhterev laboratories, which in 
their early years were only different departments in the same medi- 
cal school. However, a reading of the General Principles of Reflex- 
ology (1928) gives the impression that Bekhterev has little more to 
offer, at least in regard to the role of inhibition in behavior, than 
restatement of some Pavlovian principles, with fresh demonstrations 
based on his own technique. In this book, the role of inhibition is 
almost entirely its obvious function of suppression, and although 
there is occasional mention of release from inhibitions, there is no 
systematic use of inhibition as a releasing force. Reflexology is pri- 
marily a behaviorally oriented association psychology. 

Bekhterev was a dynamic organizer and a prolific writer. He 
exerted great influence on the improvement of hospitals for the 
mentally ill in Russia. He also made notable contributions t° 
neuroanatomy; and the nucleus of Bekhterev, a part of the vestib- 
ular apparatus, preserves his name for a select posterity. But this 
is a small monument for a man whose near-greatness was dwarfe 
by his ambition. Unfortunately, there was more bombast than 
substance in the attempt to immortalize himself as the father of 4 
new science of "reflexology"—perhaps in unconscious imitation O 
Wundt, who had been his teacher in psychology, and who attaine 
wa i generation earlier by proclaiming the new science of phi 

gical psychology, His books create an impression of unlimite 
egotism. Pavlov never mentions Bekhterev; Bekhterev mentions 
genis and only when he has an opportunity to PS 
alibongh B ap » E 5 error or limitation—as, for example, t 4 

i avlov's laboratory did not succeed in demon 
strating color vision in dogs, a worker in Bekhterev’s laboratory did 
Scienca and humility walk hand in hand—envy is a source 9 
confusion. 

À very different sort of challenge to Pavlov came from the adher- 
ents of the Wedensky school, which is now commonly also calle 
the Wedensky-Ukhtomsky school. Their attitude towards Pavlov 


Rivals and Followers of Pavlov a0 


appears plainly, if only between the lines, in the following sentences 
Which were spoken by Biryukov, in 1958, at a meeting commemo- 
tating the 100th anniversay of Sherrington’s birth. After the usual 
Proudly patriotic reference to Sechenov’s priority in the study of 
inhibition, he said: “Subsequently, the investigations of central in- 
hibition advanced in two directions. One of these was associated 
with the English school of Sherrington, which concerned itself with 
the interrelationship between excitatory and inhibitory processes, 
and the other, directed more to discovery of the nature of the 
excitation and inhibition processes, was the work of the Russian 
school of N, E. Wedensky.” One cannot miss the intent behind the 
Conspicuous failure to mention Pavlov as in the same rank with 
these two, as well as the ascription to Sherrington’s school of pre- 
eminence in just that area which Pavlov had defined for himself. 
Two of the outstanding students of Wedensky are Ukhtomski 
and Beritov, Both have made important theoretical contributions 
to the literature of our subject. It is Beritov who has gained the 
Breater reputation abroad, largely because his work fits better into 
? traditions of the western school. Razran, in 1950, speaks of him 
as “Probably the most critical, most informed, and most psycho- 
logical of all Soviet physiologists,” and he reports that Lashley, who 
Was always severely critical of Pavlov, expressed in conversation his 
nigh regard for Beritov. His critique of Pavlov appears especially 
In the important monograph, Ueber die individuell-erworbene T: ütig- 
eit des Zentralnervensystems (1927). As one sees in the title, 
avloy’s conditional reflexes, Bekhterev's association reflexes, are for 
eritoy individual reflexes, which differ from other reflexes in their 
Story, but not in their nature. He is extremely critical of both 
Other men, because “according to Pavlov and Bekhterev every 
Phenomenon of cessation of an individual reflex is determined by 
àn inhibition,” He rejects the Pavlovian concepts of irradiation and 
Concentration, because, he says, there is absolutely no basis for 
Sn Pposing that one excited point can draw to itself the excitation 
of other points, and because it is quite absurd to suppose that an 
Inhibition which arises from exhaustion of some neural elements 
eS Pavloy assumes to be the case for internal inhibition—can spread 
° other portions of the brain which have done no work. "n 
ubsequently, Beritov developed a “neuropil theory” of inhibition, 
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basing himself in part on Herrick’s anatomical studies of the spinal 
neuropil, that is, the existence on lower levels of a reticular for- 
mation less richly developed than in the brain stem, but nevertheless 
important to brain function. Beritov makes this the source of a 
local inhibition, the only kind he will acknowledge, being true to 
the Wedensky principle that inhibition is a kind of nonpropagating 
excitation. According to Beritov, the irradiation of excitation from 
a neuron into the surrounding neuropil causes a reduction in the 
excitability of surrounding cells, and therefore it can have only a 
very limited spread. Since diffuse irradiation is thus limited, a di- 
rected propagation to distant parts becomes possible. Furthermore, 
Beritov believes that this nonspecific local inhibition suffices to eX 
plain the inhibition of antagonistic muscles, as described by Sher- 
rington. In place of reciprocal inhibition, he proposes a law of "con- 
jugate excitation." (One can readily see why Lashley would have 
welcomed this parsimonious thinking, which apparently does away 
with the need for a whole class of innate neural bonds.) In his 
General Physiology of the Muscular and Nervous System (1948), 
Beritov not only rejects the Pavlovian theory of inhibition, but he 
also asserts that the prevailing view among physiologists generally; 
that the cerebral cortex exercises an inhibitory influence on the 
lower centers, is based on misinterpretation of the experimenta 
evidence. The facts of observation, he says, support the view that al 
cortical activity is facilitatory. 
More recently, Beritov and Roitbak (1955) developed a “dendritic 
theory” of inhibition, which can be regarded as a further develop- 
ment of the neuropil theory, in that it still seeks to explain inhibitio” 
as a kind of reduced excitability produced by lesser excitations. 
ee to this theory, the effective excitation of a neuron must 
i place VIR the synaptic terminations on the cell body and o? 
aon hillock, whereas impulses which reach the neuron V!4 
Synaptic terminations on the dendrites set up slow potentials whic 
eve ancmp able of exciting the neuron to discharge, but which do 
succeed in reducing the excitability of the postsynaptic surfaces ° 
the other synapses, and thus tend to block the processes which 
would lead to cell discharge. (There is some independent evidence: 
which we shall not describe here, that inhibitory synapses on 
motoneurons tend to be placed on the dendrites rather than the 
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cell body (Sprague, 1958). However, the inhibitory axon collaterals 
described by Retzlaff (1957) seemed to synapse on the axon hillock 
of the antagonistic cell.) Roitbak (1955) says: “Excitation and in- 
hibition of the nerve cell in the central nervous system are, in our 
view, completely different processes. . . - Inhibition of the cell is 
brought about, we believe, by the development in the dendrites of 
local potentials of excitation. It is suggested that these potentials 
Orm currents which extend electronically along the dendrites, reach 
the cell, and passing through it, act on the adjacent synapses and 
Produce in them anelectrotonic lowering of their excitability and so 
lock the transmission of the excitation through them to the cell." 
This theory is obviously related to the original Wedensky concept 
9f inhibition as a reduction of lability. An extended statement of 
evidence for the theory is given in Roitbak (1956). 
his use of slow potentials which reduce excitability is clearly 
related to the original Wedensky theory of parabiotic inhibition. 
eritov and Roitbak also recognize that such inhibitory effects can 
€ produced in cortical cells, by nonspecific afferents from the brain 
Stem reticular formation (which after all is only the most conspicu- 
Sus part of the spinal neuropil) terminating on the dendrites of 
Pyramidal neurones, However, Beritov apparently still rejects the 
idea that inhibition can play a selective or directive role in be- 
‘Avior, and continues to regard it as constituting only a diffuse 
-ackground for specific excitatory effects. The function of all inhibi- 
tion, as Beritov sees it, is comparable to the limiting function of 
Induction in Pavlov's system. Beritov apparently also clings to the 
electrical theory of synaptic transmission, and looks upon the 
se UOransmitters as only chemical agents which facilitate synaptic 
*ansmission, rather than being essential to it. , : 
ntomsky, though less well known outside of the Soviet Union, 


as consid ; ithin it, as can be inferred from the use 
P erable prestige withi Vedensky-Ukhtomsky school of 


S name in designating the V c 
Physiology, From cc can also infer that he clings more closely 


z the original Wedensky theories. His most important contribution 
< in which has direct relevance to psychological problems—the 
a incipa] of the dominant.” His development of this theory was 
Mitiate by an observation, in 1904, that if the motor cortex of an 


x *rimenta] animal is stimulated at a point which would ordinarily 
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bring about the flexion or extension of a given limb, but this stimu- 
lation takes place at a time when the rectum of the animal is full, 
so that it is physiologically close to the act of defecation, then the 
effect of the stimulation is not to cause a movement of the limb, 
but to facilitate the defecation. Another example of a dominant, 
which in this case is produced by hormonal influences, is the grasp- 
ing reflex of the male frog during the mating season, when this 
reflex is readily elicited by almost any object. 

To explain such effects, Ukhtomsky emphasized that the response 
which appears at any time is an expression of the dynamic inter- 
relationships in the entire nervous system. The nervous system is 
like a complex of many funnels, each of which terminates in what 
Sherrington calls the “final common path" The outcome of à 
stimulation depends on response readiness throughout this system. 
There is nothing very special about the relationships between 
anatomical antagonists, since other responses also stand in reciprocal 
relationship to each other, and can be mutually inhibiting. “Only à 
central nervous system in complete equilibrium reacts to a given 
stimulus in a constant manner. If the equilibrium is disturbed by 
the presence of a temporary, but sufficiently persevering excitation, 
the same stimulus will evoke an essentially different reaction. . » + 
A sufficiently persistent excitation, which is taking place in the 
centers at a given moment, takes on the significance of a governing 
factor in the work of the other centers: it accumulates to itself the 
excitation of remote points, but inhibits the capacity of other 
centers to react to impulses which have a direct relationship 19 
them.” (Ukhtomsky, 1925.) 

Ukhtomsky regards as a confirmation of this theory Beritov's 
finding, in 1911, that if strychnine is applied to the spinal cord of 
an animal, reflexes at that level can be elicited by stimuli which 
would not otherwise have this effect. Of course, this interpretation 
is based on the assumption that strychnine is a directly exciting 
agent, which we now know not to be the case. 

Inevitably, this theory was compared to McDougall's outdated 
drainage theory of inhibition, but Ukhtomsky (1926b) rejects this 
comparison. In another article (19262) he emphasizes the distinc" 
tion, which does not exist for McDou all, between excitation and 
excitability. “What makes a center dominant is not the strength of 
excitation in the center at the moment when some chance impulse 
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reaches it, but the capacity to increase (to nourish) its excitation on 
the occasion of a chance impulse.” 

_ There are four ways in which a dominant may be terminated. If 
it is directed toward a consummatory act, such as defecation, then 
the performance of the act is an endogenous termination of the 
dominant. If conditions give rise to a new dominant, this represents 
an exogenous termination. (The parallel to internal and external 
inhibition is obvious.) Cortical inhibition of the dominant probably 
also takes place, but in view of the demonstrated fact that a domi- 
nant is able to inhibit voluntary motor impulses of cortical origin, 
it seems more likely that “the cortex fights against the dominants 
more successfully, not by attacking them directly, but by establish- 
ing new compensating dominants in the centers.” Lastly, the action 
of impulses which facilitate the dominant also “prepare its inhibition 
and bring it to a termination.” (This process is comparable to 
negative induction.) As the dominant fades away, the range of 
stimuli which can facilitate it becomes progressively narrowed, and 
the range of other reactions which it inhibits likewise becomes more 
Testricted; however, once having been evoked, it is more easily re- 
established, Events of the individual history tend to restrict the 
range of stimuli which are capable of facilitating a given dominant, 
and these stimuli come to evoke it more and more selectively (1925). 


Ukhtomsky (1934) says that the concept of lability is central to all 


the work of the Wedensky-Ukhtomsky school; and elsewhere (1937) 
ons of ready re- 


ut they “do not speak of preformed coordinati 
exes, but of coordinations which take place and unfold in the 
oase of activity. Coordination is something always arising, being 
uilt again and again.” 
The reader may already have noticed that the phenomena of the 
Ominant are all easily explained by the assumption that the prepa- 
Tation for an act involves an initial stage of partial disinhibition. 
This, of course, is what was achieved by Beritov's local application 


hd Strychnine to a portion of the spinal cord; this must be assumed 


Connection with the preparation for defecation or swallowing or 
any other consummatory reflex; and it has been our hypothesis, first 
Stated at the close of Chapter 3. that the regulatory control of any 
act involves a pattern of disinhibitions, rather than of excitations. 


e “readied” act, which can be triggered by a large variety of 


SXcitant stimuli, is the partly disinhibited act. To assume a "motor 
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set” in a reaction-time experiment represents one simple form of 
such preparatory disinhibition; Exner's bahnung is partial disinhibi- 
tion; the contemplation of almost any action represents a form of 
preparatory disinhibition. There are acts, such as defecation, which 
are rarely triggered suddenly, except in abnormal cases, but which 
are prepared by the successive removal of several inhibitions, at 
different levels, before the final release. It is therefore particularly 
appropriate that the act of defecation should have figured m 
Ukhtomsky’s first discovery of the “dominant.” But it offers no new 
problem for us, and actually provides us with additional evidence 
of the importance of disinhibition. 

Another outspoken critic of Pavlov is the Polish scientist, Jerzy 
Konorski. He perhaps personifies better than any other man the 
values of international cooperation and interdisciplinary research BA 
the behavioral sciences. He studied with Pavlov in Leningrad, is 
head of the department of neurophysiology at the Nencki Institute 
of Experimental Biology in Warsaw, and is best known to Ameri- 
cans for his collaborative article with S. Miller (Konorski and Miller, 
1937)—one of his many publications in the English language—which 
made the distinction between type I (classical) and type II (instru- 
mental) conditioning. His comprehensive discussion of conditioning 
theory, Conditioned Reflexes and Neuron Organization (Konorski, 
1948), is dedicated jointly to Pavlov and Sherrington. Basing himself 
on the more fundamental neurological researches of the English 
scientist, who devoted his studies primarily to the spinal reflexes 
of decerebrate animals, Konorski virtually rejects as fiction the en- 
tire quasineurological theory enunciated by Pavlov, which went 
so far beyond its empirical foundations. Yet he recognizes also the 
brilliance of Pavlov’s approach to the more plastic characteristics 
of the higher nervous structures, and undertakes to overhaul con- 
ditioning theory in order to bring it into agreement with the facts of 
neuron theory. This position is in general similar to that of Beritov, 
but Konorski's critique of Pavlov appears to us to have been more 
constructive, and in any case his researches have a more direct in- 
terest for psychologists than do those of Beritov. 

Pavlov had assumed that excitation and inhibition occur in a give? 
“center” as a result of metabolic activities correlated with the state 
of the organism, its past experience with particular stimuli, and the 


Rivals and Followers of Pavlov 209 


like. Both processes are said to irradiate to other cortical centers or 
even, as in the case of sleep, to subcortical ganglia. The establish- 
ment of conditional reflexes was assumed to rest on such irradiation 
from one center (representing the conditional stimulus) to another 
center (representing the unconditional stimulus). Konorski rejects 
this hypothesis as not in accord with either the facts of conditioning 
or the known principles of neural activity. One of his objections is 
that this theory forces us to assume that both excitation and inhibi- 
tion occur simultaneously in the same cells, in even the simplest 
conditioning phenomena. (While Pavlov's conception of the nature 
of inhibition was false, it did agree in a formal sense with much 
that has since been learned, and it is interesting to observe that our 
Present knowledge of the process indicates that it does exist simul- 
taneously with excitation, in the same cells.) 

For Konorski, the important changes which occur during acquisi- 
tion or extinction of conditional reflexes take place between the cen- 
ters, not in them. One center becomes coupled with another be- 
Cause there is an increase in the number of functional synaptic 
Connections on the multiple pathways which potentially connect 
them, which increases the “transmissibility” of those pathways. In 
the case of an excitatory conditional reflex, the coupling occurs be- 
cause both centers are simultaneously excited. In the formation of 
an inhibitory conditional reflex, a stable excitation in the condi- 
tional center is accompanied by a decreasing excitation in the un- 
Conditional center. In either case, there is an increase in the num- 

er of functional synaptic connections between the two centers, 
although in one case these are of an excitatory nature, and in the other 
case of an inhibitory nature. Since the potential number of such 
Unctional connections is finite, their increase must be an inverse 
unction of those already operative. Their number approaches an 
®symptote, a level at which the relationship between the centers is 
Said to have reached saturation. Certain “inborn reflexes” are in- 
Variable because the "interneuronic connections have reached the 
"aturation point.” This schema obviously provides a basis for a 
Stochastic model of conditioning, but Konorski is concerned with 
“nderstanding the process itself, rather than with predictions of be- 


&vior on the basis of a formal schema. 


Ven early in the formation of a conditional reflex, the response 
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may be maximal to strong stimulation. Further training -- 
merely increase the number of connections, but consolidates t Mà 
which are already established by making them impervious to ex- 
ternal inhibitors. However, when the conditional stimulus is not re- 
inforced, connections are formed through inhibitory synapses and 
the conditional reflex may not be evoked. Thus it is possible to form 
both excitatory and inhibitory connections between the same cen- 
ters, and these give rise to a kind of conflict—which shows itself, for 
instance, in the latency of the response—when the conditional stin 
lus is presented. The outcome depends in the last analysis On 
whether the excitatory synapses contribute more to the transmis- 
sion than do those involved in inhibition. 

What happens when a conditional reflex is reestablished after ex- 
tinction? One might suppose that if the excitatory connections had 
reached their saturation point, and inhibitory connections Were 
established subsequently during the period of extinction, then the 
existence of these would make it impossible to reestablish the zea 
in its former strength. However, Konorski believes that the effect © 
establishing functional inhibitory synapses may be to increase the 
receptor capacities of the cell, so that it becomes possible to estab- 
lish new excitatory synaptic connections, that is, to reach a higher 
saturation point. Thus the role of inhibition is not limited to acting 
as an interference or antagonist to excitation, but may even 1 
directly foster excitatory processes. If this hypothesis were COn- 
firmed, it might help to explain such puzzling phenomena as the 
effects of intermittent reinforcement schedules. 

Konorski’s extensive theoretical contributions, which have only 
been hinted at in these paragraphs, deserve the most serious CO?” 
sideration; and fortunately they are available in numerous English- 
language publications, 

We turn now to those who regard themselves as loyal continua 
tors of the Pavloy tradition, and who present their own work as ex 
tensions of Pavlov's teachings and not as amendments. However 
the distinction is one of form rather than substance, for it is ineVi" 
table that any vigorous school of empirical investigation will un 
cover errors as well as new facts, 

Of the many important developments which have taken place 
within the Pavlov school, we shall mention only some which havé 
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K^ CM the importance of subcortical processes in the control 
of behavior. Pavlov himself asserted as a fact that the establishment 
of conditional reflexes always involves the participation of the 
hae cortex, and apparently he never abandoned the view that 
Pal pum depend on establishment of new "temporary connec- 
E d bp ege cortical points. Furthermore, he seems also to have 
zi that subcortical tissue does not possess similar plasticity, 
ıd does not participate in the establishment of new “connections.” 
p followers have nevertheless provided abundant experimental 
soso of the influence of brain stem processes on the per- 
‘ormance of conditional as well as unconditional reflexes. But the 
interpretation of these results has often been confused by reluc- 
ates to venture upon any statement which could be construed as a 
orrection rather than an extension of Pavlov's own ideas. 
fr In 1921, Kunstman and Orbeli observed that if the afferent fibers 
om the hind limb of a dog are severed, not only is there no motor 
paralysis, but on the contrary the limb becomes more active. It 
will tend to move in the rhythm of respiration, and when the dog 
Cats, it carries out an endless succession of flexions and extensions, 
abductions and adductions, as a kind of somatic reflection of the 
Process of eating. They reasoned that evidently an important func- 
fon of the afferent innervation had been to inhibit the effect of ex- 
po arising elsewhere in the central nervous system and spread- 
a indiscriminately to all motor outlets, except as it is limited and 
annelled by inhibitions. Orbeli reasoned further that all afferent 
lar role, and that the development of 
f ontogenetic development probably 
of new kinds of afferenta- 


sti à 

en must play a simi 
j *X specificity in the course o 
“pends in large part on the appearance 


tion, Stage by stage. 
Orbeli (1945) mentions some high points in the work that had 


E | done up to that time on the influence of extracortical factors 
Hio higher nervous processes. Asratyan studied the effect of destruc- 
Ou, P the cervical sympathetic ganglia, and found (quoted by 
"us P i, 1945) that this led to “a reduction in the strength of the ex- 
and Ory process in the central nervous system, in the cerebral cortex, 
tai along with this, and apparently as a consequence thereof, a cere 
E Predominance of the inhibitory processes, disturbing the equi- 

lum between the inhibitory and excitatory processes in favor 
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of inhibition.” This effect was long lasting. Deryabin found that 
a destruction of subthalamic tissue, with no injury to the cortex, 
nevertheless resulted in the loss of all conditional alimentary re- 
flexes, which could not be reestablished for many months (from 
Orbeli, 1945). Nevertheless, defensive reflexes could be established, 
and the alimentary reflexes functioned, though in weakened form, 
after administration of caffeine, which tends to strengthen the ex- 
citatory process. Orbeli also reports that Petrova found that ad- 
ministration of sympathomimetic substances, such as ephedrine, 
produced results opposite to those which had resulted from 
Asratyan’s destruction of the cervical sympathetic ganglia, tending 
to strengthen the capacity for differentiation. After this survey, 
Orbeli ends with the almost apologetic conclusion that "although 
these results cannot be considered as basic for the investigation 
of higher nervous processes, they are nevertheless essential’—that 
is, that research on the subcortical processes should not be frowned 
upon, because it will help in the interpretation of facts obtained 
from the more direct study of the all-important cerebral hemispheres- 
Anokhin is a prominent member of the Pavlovian school who has 
developed a theory of inhibition which departs in many respects 
from that of Pavlov, and which makes a serious effort to integrate 
Ukhtomsky's concept of the dominant, the work of Orbeli and 
others on the importance of visceral processes, and recent research 
relating to the functions of the reticular formation. Pavlov, it will be 
recalled, expressed confidence that, ultimately, internal and external 
inhibitions would be explained as manifestations of a single under- 
lying process. He apparently believed that this process expresses 
itself more directly in the various forms of internal inhibition, and 
above all in sleep, than in external inhibition. Although Anokhin's 
recent book is titled Internal Inhibition as a Problem of Psychology 
(1958), his work may be said to take the opposite direction—i.e., t? 
explain all inhibitory phenomena as manifestations of external in- 
hibition. Indeed, it may be regarded as a detailed elaboration of the 
theoretical position taken by Münsterberg long ago, namely, that 
the sole source of inhibition is the incompatibility of actions. 
Anokhin (1958) asks: “Why does the non-reinforcement of a con- 
ditional stimulus transform the process of conditional excitation int? 
a process of conditional inhibition?" His method of dealing with 
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this problem is psychological rather than physiological, since he 
dismisses the study of the synaptic nature of inhibition as irrelevant, 
and develops his answer largely in behavioral terms. He points out 
that although Pavlov spoke of the conflict of inhibitory and ex- 
Citatory processes, whenever he chose an example to illustrate this 
conflict, it also involved an actual conflict of behavioral tendencies. 
When we "suppress" an action, some reaction tendency is being 
Suppressed, and the conflict is not merely between excitation and 
inhibition, but between two systems of excitation. Very often the 
inhibiting System is the "orientation reflex" or the "investigatory 
reflex," which Pavlov himself mentioned as participating in the ex- 
ternal inhibition of conditional reflexes. Anokhin tries to show that 
all inhibition has this same character. By thus accepting the idea 
that inhibition always arises from a conflct of excitations, he is 
Accepting the basic postulate of the Wedensky school. 

Anokhin says that the behavioral repertoire of the animal in- 
cludes certain important “total patterns of response,” of which the 
Crientation-investigation response is only one. Others which are im- 
Portant for the inhibitory influence which they exercise are the 
Positive-acceptant response, and the negative-rejectant response. 

ese total response patterns or attitudes have important visceral 
Components, and just as the salivary secretion can be used as an 
Indicator of the alimentary response, so the pneumogram, or record 
S respiration, provides a convenient indicator of the positive, nega- 

Ve, and orientation responses, because each has a characteristic 
respiratory pattern. 

It is these total response patterns which actually cause the in- 

tition of other responses. It is the positive acceptant response 
Which is ordinarly coupled with the alimentary reflex which must be 
Satisfied by the food reinforcement. If the reinforcement does not 
Occur, or if it is changed in character, this is replaced by a negative 
9r rejectant response, and the feedback from the somatic com- 
Ponents of this response provide the inhibiting excitation. 

hus Anokhin departs also from the orthodox Pavlovian position 

at the effects of reinforcement depend only on the coincidence of 
vents, and takes the position that the “effect” influences the out- 
“ome. He makes repeated reference to an experiment by Anokhin 
and Strezh, in which a dog that had acquired an alimentary reflex 
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to a conditional stimulus, with dry bread being used as the un- ` 
conditional stimulus in the usual manner, was given meat instead 
of bread on one occasion. This evoked a very strong orientation . 
response, which persisted in the situation and totally inhibited the 
conditional alimentary reflex, to the point that the dog refused to 
eat the bread which was presented as reinforcement in future trials. 
When working with alimentary reflexes, the absence of rein- 
forcement in the extinction procedure may lead either to the orien- 
tation response or to the negative response. When working with 
defense reflexes, absence of reinforcement leads to the positive re 
sponse, or attitude. The difference between the positive and the 
negative attitudes is clearly discernible in the pneumogram, not 
only under these conditions, but also in the response to differential 
stimuli during training for discrimination. The common element in 
all these situations is that there are always two competing total re- 
sponse patterns. However, the transition from a negative to a posi- 
d state does not require active inhibition, as in the reverse situa- 
on. 
, Stages in the development of the conditional reflex can be traced 
in the respiratory responses. The pneumogram shows the participa" 
tion of the orientation attitude in the early appearances of the con- 
ditional stimulus, and how it disappears when the conditional reflex 
is established. In the event of nonreinforcement it returns, and on 
the next trial this orientation attitude appears immediately with the 
conditional stimulus, and thus becomes the source for condition® 
epis Thus, as stated above, the internal inhibition of excita- 
tion is regarded as no more than a manifestation of external inhibi-, 
tion. The extinction does not take place gradually, but proceeds 
in two distinct phases, with a clear qualitative difference when the 
peed presi If the conditional response reappears 
per Sere Ds E xà n» extinction process, it is accompane s 
more economical, les: [3 Bord tes that ge mplete mhk. ER he 
due n cae s con ctful, than partial inhibition. During t 
phase of extinction, when conflict is present, the inhibitio? 
acts on the efferent organization of the conditional reflex; during 
the second phase, in which the conflict is absent, it acts on the 2 
ferent organization in some manner which involves the afferent 
collaterals into the brain stem reticular formation. 
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_Anokhin (1958) feels that Ukhtomsky’s formulation of the prin- 
ciple of the dominant is unsatisfactory, although the basic observa- 
tions are extremely important. He gives the following illustration to 
show that a dominant may be a system or center which is under 
inhibition, rather than one which is partially excited, as Ukhtomsky 
assumes, If a cat is cautiously creeping forward on a window ledge, 
oe down over the edge, a sudden rap by the observer will cause 

cat to move backwards immediately. Anokhin suggests that 
whenever there is a rivalry between two actions, such as moving 
forward and moving backward, or vomiting and defecation, the 
decisive factor is which of the two can take effect more quickly as 
a response organization. 

In an experimental situation, the conditional stimulus only raises 
above threshold value an excitation which is already present, be- 
M of other elements in the situation. Hence the actual response 
i ed is already present as a dominant. (We would of course pre- 
the to say that the action had already been partly disinhibited by 

incidental stimuli, and the conditional stimulus only completes 
the disinhibition.) The same stimulus can be used to evoke differ- 
ent conditional reflexes, in the same room, at different times of 
Hio day. He concludes that dominance is a readiness for action 
Which can strengthen itself, in the manner described by Ukhtomsky, 

Y attracting excitation, and which is closely related to the sub- 
Cortical emotional afferentation, since the brain stem reticular for- 
mation plays a part in all these aspects of the dominant. 

n Anokhin says that just as the phenomenon of inhibition depends 

n the simultaneity of two total response patterns, such as the 
ap s, so the occurrence of disinhi- 
Eum. depends on the simultaneity of three total response patterns, 
Such as the alimentary response, the negative response, and the 
mentary response had been in- 
the addition of the investigatory 
response may strengthen the former, and permit it to appear despite 
gthen the negative response, leading 
e: deeper inhibition; or it may indirectly inhibit the negative re- 
Ponse, and thus free the alimentary response. 
ex ‘avlov had said that neurotic behavior arose from a conflict of 

Citation and inhibition; for Anokhin, inhibition is itself a conflict 
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of excitations. For the best mental health, an effort should be made 
not to train inhibitions, but to develop strong positive motivations, 
which can then be relied upon to inhibit unwanted activities, 

We shall close this chapter with a discussion of the work of 
Konstantin Bykov. Bykov's Opus magnum, The Cerebral Cortex and 
the Internal Organs, has been available in English translation since 
1957, but his work is not nearly so well known to American read- 
ers as that of many of Pavlov’s lesser students. Gantt, his trans- 
lator, states that Bykov has had over one hundred collaborators, and 
the importance of his position is perhaps best summed up in this 
statement by Biryukov (1958): “The finding of a basis for the 
problem of corticovisceral physiology is rightly attributed to Acade- 
mician K. M. Bykov." The word corticovisceral is a better index 
to the nature of his work than the phrase interoceptive condition- 
ing, for the essential thing is not that Bykov demonstrates the pos- 
sibility of conditioning visceral processes to external stimuli or using 
the visceral Organs as sources of stimulation for conditional reflexes 
of other organs, but that he shows us the importance of these 
phenomena in the general processes of behavioral control. In a re- 
view of the recent work in this area, all of which may justly be re- 
garded as the outgrowth of Bykov's own work, Razran (1961) says: 
"These 300 recent Russian experiments contribute greatly toward 
making the Unconscious observable instead of inferable and the 
Conscious inferable Whether or not it is observable." We are re- 
minded of Freud's Classic statement that the task of therapy is to 
make conscious that which was previously unconscious. Bykov$ 
investigations, no less than F. reud's, have brought to view relation- 
Ships between hidden elements in behavior and overt acts. 

Before entering on the complexities of fistulas and glandular 
Secretions, we should like to Suggest a context within which tO 


> 


gretfully, we must leave aside many other possibilities. 
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There is one avenue of approach in the life sciences which has 
SO many crossroads that virtually every investigator has wandered 
about its byways on numerous occasions: the problem of energy 
transfer in its many forms—direct organismic energy exchange, 
mediate energy utilization, and transmission of energy to new 
8enerations. We need not enter into the incredibly complex ques- 
tions opened up by this pattern of transactions to see its application 
to our problem. The metabolic rates and storage capacities of or- 
Banisms have a direct bearing on their capacity for choice. The 
Spectrum is narrow indeed in the case of organisms which must 
engage in incessant search for sources of biological fuel, which is 
™mediately consumed in the further search for more fuel. The 
Shrew's perpetual appetite need rouse no envy in the most glut- 
tonous human, for though the latter cannot eat so endlessly, he more 
than compensates for this by the satisfaction of an occasional bit of 
Seurmandizing. 

The potential for control depends not only on increased en- 
Cephalization and other nervous development, but also on the 
Correlated increase in capacity to store nutrients and air. The 
ability to store foodstuffs, which was so essential to the civilization 

Egypt, is still one essential for a nation's ability to choose 
between the paths of war and peace. In the same way, the de- 
velopment and mastery of our individual storage facilities is an es- 
rentia] basis for control of behavior. The novice under water, his 

ighly developed cortex notwithstanding, has much less capacity 
Or choice than a fish. The impelling signalization from the respira- 
ay Centers, as the CO» content of the blood rises above accus- 
pned levels, quickly leads to panic and maladaptive behavior long 
fore the available oxygen in the lungs has been exhausted. Yet 
= Swimmer soon learns to remain submerged for longer periods, 
Without intense discomfort. True, he will never be able to duplicate 
the feats of his aquatic mammalian cousin, the dolphin, but the 
“Xercise of inhibitory controls can enable him to utilize his avail- 
i -e storage capacity more effectively. This example shows three 
ii oe first, that internal signals which usually escape our detec- 

n may become prominent in an altered ecological setting; second, 
wat jt is possible to gain control over originally "autonomic" ad- 
Justment mechanisms organized at subcortical levels; third, that the 
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limits of such inhibitory control are fixed by certain irreversible 
physiological processes of chemical exchanges with the environ- 
ment. 

It is no qualitative leap to compare the behavior of the infant 
with that of the novice at underwater swimming. We are aware 
that on the one hand the neonate is transacting with limited capaci- 
ties for inhibition, and on the other, as all parents know, he isa 
very delicate input-output system. During the first weeks after 
birth, the vegetative apparatus is uppermost in the scheme of living: 
A relatively mild visceral deprivation or skin affection is likely to 
result in a dissonant crescendo of activity. This is the crossroad 
from which Freud starts his journey. Also, Ribble (1944) has em- 
phasized the problems in breathing; L. K. Frank (1938) has de- 
veloped the configurations involved in tactile stimulation; Dollard 
and Miller (1950) have underlined the lack of control which results 
from the fact that these internal signals are not controlled by ven 
bal mechanisms. More recently, the factor of sensory deprivation 
has entered the picture. It is evident that the importance of the 
internal organs for behavior is not limited to the services which 
they directly perform, but depends also on the stimulation which 
they provide for other organs. What occurs in this early period e 
termines to a great extent the possibilities of choice open to the 
individual at a later time. The gradual inhibition of impulses from 
the internal organs is a necessity in any culture; but cultures W! 
differ with respect to the method of imposing such inhibitions, 2? 
the kind of release from them which is sanctioned; and these ©" 
ferences will have far-reaching implications for the possibilities o 
individual choice. 

Against this background, let us consider some of the experimental 
results of Bykov and his collaborators, which show how the “wis 
dom of the body” may be enhanced, to permit new possibilities o 
choice, or may be so limited that ungated feedback may trap the 
individual, like the shrew, in an unending series of episodes involv- 
ing the vegetative aspects of living. 

The first phase of Bykov's experimental program was the demo?“ 
stration that methods used to bring about salivary secretion 
previously neutral stimuli could be extended to other intern? 
organs and physiological processes. For example, Bykov and Alexeev- 
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Berkman demonstrated conditional renal secretion against a back- 
ground of constant conditions of food and liquid intake and temper- 
ature. The ureters of the dogs were externalized, and the bladders 
removed, to prevent the muscular act of micturition. Each day a 
constant amount of water was administered by enema, and the 
amount of urinary secretion was measured. Soon it was found that 
the physical arrangements of the experiment began to bring about 
diuresis as soon as the animal was placed in the experimental ap- 
paratus. Continuing the enemas served to increase this effect. Evi- 
dently, the environment was mediating diuresis in the absence 
of hydremia, As a control, a syphon enema was used which ejected 
the water immediately, but this procedure—analogous to the sham- 
feeding situation in which Pavlov had first studied gastric secretions 
— produced diuresis of the same or even greater intensity than the 
introduction of water into the intestine and its entrance into the 
lood,” Subsequently the animal was placed on the stand without 
any administration of liquid, and diuresis was reduced over a num- 
ber of trials. However, Bykov states that extinction of renal condi- 
tioning proceeds more slowly than that of salivary conditioning. 

y using two experimental rooms—an “active” room in which 
Water was administered and a “differentiating” room in which this 
Was never done—differential conditioning was demonstrated, that 
is, elevated diuresis occurred only in the active room. Bykov com- 
ments that “when the positive complex stimulus is in action, we have 
to deal with cortical excitation in intensified diuresis, and, in the 
other, when a negative (differential) stimulus is in action we observe 
cortical inhibition.” 

Similar procedures have been used by Bykov and many collabo- 
tators to develop conditional responses in other organs, including 
© excretory organs, the liver, the cardiovascular system, the 
mucosa of the digestive tract, the respiratory system, the processes 
thermoregulation, ete. (Similar results have been reported by 
antt (1953), in this country.) In discussion of these results, the 


e s ] Heri A 
Currence of conditioning is always accepted as a criterion of corti: 


Cal representation, Tt is assumed that if the arrest or activation of an 


Interna] process can be triggered bya stimulus to which it was 
?iginally indifferent, the articulation must have been achieved 


the cerebra] cortex, That is, there is an apparent unquestioning ac- 
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ceptance of Pavlov's theory of the cortical representation of all con- 
ditional reflexes, even when the stimuli do not involve exteroceptors. 

In a number of experiments, Bykov has shown that interoceptors 
can be the source of conditional stimulation. Bykov and Ivanova, 
making use of the fact that saline injection into the stomach will 
bring about increased diuresis, established a conditional diuresis to 
the injection of liquid. They then extinguished the effects of the 
experimental environment, but sham irrigation continued to be an 
effective stimulus. In another experiment, Ivanov collected the bile 
through a fistula of the gall bladder. It was found that injection of a 
5 percent solution of hydrochloric acid into the stomach, through a 
gastric fistula, was followed by secretion of 14.5 ml. of bile during 
the next three hours. After fifteen such administrations, water was 
substituted for bile, and the conditional secretion obtained 
amounted to 18.2 ml. Commenting on this increase, Bykov again 
implicates the cerebral cortex: “In studying the conditional reflex 
of the viscera, we not infrequently observe this phenomenon—a re 
action produced by a conditional stimulus, i.e., through the cerebral 
cortex, is often very intense and lasts longer than one caused by 
the action of an unconditional stimulus.” After six sham injections, 
the secretion was down to 5.8 ml., and ultimately it was extinguishe 
completely, 

Bykov cites the work of Ayrapet’yants, who, working with dogs 
with both gastric and salivary fistulas, effected salivary conditional 
reflexes by combining irrigation of the stomach with warm water 
(36° C) and oral feeding. Apparently the arrangement was suC 
that the water did not remain in the stomach, but served only as 2 
source of thermal stimulation. Subsequently, irrigation with water 
at one temperature was accompanied by feeding, while irrigations 
at another temperature were not, and discrimination between the 
E temperatures took place. In an experiment in which irrigation 
at 26 5 had been differentiated from the positive stimulus, whic 
was 36 C, the sound of a whistle was once presented along with 
the differential stimulus, and complete disinhibition of the condi- 
tional reflex was demonstrated. 

Ayrapet’yants (1952) reports another demonstration of interocep- 
tive differentiation. A loop of the intestine is drawn out in such 2 
way that the experimenter can stimulate at will either side of the 
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ileocecal valve, which guards the passage between the small and the 
large intestine. Mechanical stimulation of the small-intestine side 
is reinforced with food, but stimulation of the large-intestine side 
1s not reinforced. A conditional salivary reflex is formed, and dif- 
ferentiation established. The same differentiation can be estab- 
lished when stimulation of one of the points is paired with electric 
shock to the dog's paw, so that the paw “regularly jerks back only 
9n signals connected with the small intestine side of the ileocecal 
apparatus" although the distance between the two points of stimu- 
ation is not more than one or two centimeters. 

The studies described have been selected for their simplicity, and 
are not entirely typical of the more elaborate work being done at 
Present. Razran (1961) gives an account of the mutistimulational 
techniques which are now in use. However, the above experiments 
suffice to show that Bykov's empirical suppositions have been amply 
Confirmed: the activity of internal organs can be attached to ex- 
ternal stimuli, and the responses of peripheral effectors can be 
Placed under the control of internal stimuli. As stated above, the 
term "interoceptive conditioning" does not quite capture the signifi- 
cance of interoception in Bykov's narrative. It is not the fact of 
Switching" of afferent-efferent connections which involve the in- 
‘ermal organs and internal sources of stimulation which is most im- 
Portant, but the fact that every part of the entire system of afferen- 
tation, both external and internal, must be considered with respect 
to its influence on cortical activities. 

In discussing the periodicity of physiological functions, Bykov 

957) states that bulbar and mesencephalic stimulation from extero- 
Septors causes an increase in excitability of vegetative centers in the 
Tegion of the hypothalamus, and “because of this, diurnal periodicity 
may be formed independently of the activity of the cerebral cor- 
tex.” He then mentions that the projections of all cortical receptors 
are influenced by the afferent stimulation of the diencephalic and 
mesencephalic structures. Thus, the reciprocal relationship of the 

© systems is evident. Changes in afferent impulses change the 
tonic state of the cortex, and, through the action of temporary 
Connections, the higher nervous centers bring about controllable 
alterations in the activities of the internal organs. Language, Pav- 
ov's “second system of signals,” participates in such control, and in 


222 Choice: The Central Problem of Psychology 


this connection Bykov mentions the work of Luria, as well as ex- 
periments by Geyer and others who have influenced secretion and 
other bodily processes by suggestion. The relevance to hypnosis is 
also mentioned. n 

Another important aspect of Bykov's work is his demonstration 
that these interactions do not depend on the existence of intact 
neural connections, but can be mediated by hormonal mechanisms 
alone. With Alexeev-Berkman, he demonstrated conditional diuresis 
even when the kidneys were deprived of their innervation. Bykov 
and Borodavkina showed that administration of pituitrin could lead 
to "either a positive or an inhibitory response, depending upon the 
state of the humoral milieu. In short, conditioning takes place 
when either the hormonal or the nervous connections with the organ 
are intact. Bykov claims that two routes are possible in the forma- 
tion of conditional reflexes: one nervous, the other neuro-humoral. 
However, the locus of closure for the conditioning is said to be corti- 
cal in either case. 

With this expanded concept of conditioning in mind, let us turn 
to the more general aspects of Bykov's thought. In his work, as !? 
that of Sherrington, the idea of integration is ubiquitous. If one com 
siders only the classic analytical experiments which each performed, 
it is possible to regard both men as advocates of a shallow input- 
output theory of behavior; but this would be as false in the case ° 
Bykov as in that of Sherrington. In his hands, the concept of integra" 
tion finds its expression as “corticovisceral physiology." The use o 
this unhyphenated word conveys an integral relationship, not a mere 
interaction of largely independent systems. Bykov's holistic ap- 
proach is partially expressed in this statement: “There is no reason 
for distinction between the processes brought forth by the stimu 
lation of receptors which respond to impulses from the milieu 


intérieur and receptors which respond to impulses from the milieu 
extérieur” (p. 245). 


Conditional reflexes invi 


d olve stimulation from both interoceptive 
an 


exteroceptive fields, and these must be studied jointly. The ex 
teroceptor and its cortical apparatus, Pavlov's "analyzer," has playe 

a more important role in our constructions because the informatio? 
which it signals is usually localized and reportable in terms © 
“definite individual sensation.” The stimulation of the exteroceptiv® 
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field leads to our knowledge of the external world, and hence, says 
Bykov (following Pavlov), “for ages these receptors were called 
Sense organs.” Bykov feels that this epistemic function is at least par- 
tially responsible for the distinction between “vegetative” and “ani- 
mal” divisions of the nervous system. 

Mentioning the “ingenious intuition” of Descartes and of Charles 
Bell in their descriptions of the proprioceptive control of muscular 
activity, it is nevertheless to Sechenov that Bykov grants credit for 
realization of the subtleties involved in interpreting the “obscure 
Sensations” from the internal organs. However, the study of the 
Interoceptor system was still held back by lack of an adequate 
Method. Information from interoceptors “either fails to be subjec- 
tively noted or it is not followed by any definitely localized and 
distinct sensation.” They are “screened from our consciousness.” 

Owever, the method of Pavlov opened a way for study of their 
functional relations, and revealed their psychological import, which 

Ykov summarizes thus: 

Many of these subsensory impulses arising from the interoceptors may 
Summate to stimulate the cerebral cortex. Thus, the isolated forms of 
Interoceptiye impulses may be considered as belonging to those kinds of 
stimuli which give rise to subconscious processes: the stimulating events 
conveyed from the milieu intérieur of an organism may finally become so 
Insistent and obsessive that the nerve centers can no longer ignore them. 

functional interoceptive fields formed in the cortex sometimes be- 
come Powerful factors in determining behavior. In this case, stimulations 
conveyed from the environment become active helpers in the developing 


complex reaction (Bykov, 1957, p. 392). 


By the concept of a “functional connection” with the cortex, 
Y*OY escapes the restriction of Pavlov's assertion that all temporary 
COnnections are formed in the cortex. He mentions the work of 
üller and Mettler (1934) on subcortical conditioning, and claims 
at the formation of a typical conditional reflex is not likely to oc- 
“ur in the decerebrate organism. He adds, however, that theoreti- 
rally “it is possible to assume that there may be intermediate forms 
“tween a typical unconditional and a typical conditional reflex and 


x the Possibility of the lower parts of the central nervous EET 

Sing to a i ble of forming new reflex arcs shou 
cert: nt capable of forming : 

£e p e states that direct 


not be entirely denied” (Bykov, 1957, P. 30). H 
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morphological connections between subcortical structures and the 
cortex are not necessary for the formation of temporary connections. 
Afferents which terminate in subcortical nuclei, and which lack spe- 
cific projection to cortical fields, may nevertheless be involved in 
conditioning and differentiation. In Bykov's corticovisceral physi- 
ology all temporary connections (in the intact organism) involve the 
effects of afferent stimulation from both systems of receptors. “Any 
conditional reflex is not the phenomenon we observe on a decere- 
brated animal but it is the result of a number of afferent systems of 
both extero- and interoceptive fields, being brought into an active 
state” (1957, p. 385). 

Thus the evaluation of empirical evidence leads to an altered 
conception of the role of the cerebral cortex in the process of con- 
ditioning. Rather than simply performing the part of a flexible 
coupling device which forms new connections between structures 
which must be represented for this purpose in specific cortical pro- 
jections, the cortex becomes an integral part of a complex system 0 
regulation and modulation for the entire organism. “The conditional 
reflex is more than the concept of action by association; it is much 
more extensive, including not only complex nervous factors but 
humoral factors as well" And elsewhere: "It is impossible to be- 
lieve that the interaction of the two essential processes of excitation 
and inhibition is limited to the cells of the cerebral cortex. There 
is reason to think that the most complex play of these two antago- 
nistic processes develops when the conditional reflex is in progress 
in the subcortical centers” (Bykov, 1957, p. 385). 

Thus Bykov's work on interoceptive conditioning fits well with 
the modern conception of the nervous system as a neurohumora 
apparatus, as well as with recent experimentation which emphasizes 
the part which the brain stem reticular formation plays in all learn- 


ing. 


INTRACEREBRAL EVENTS AND 1] 
BEHAVIORAL PLASTICITY 


Chapter 6, which dealt with the "range of inhibition," gave very 
Scant treatment to those inhibitory relationships which take place 
among the various cerebral structures, and which are involved in 
the interaction of the brain stem and all higher nervous structures. 
this chapter will make good that defect to a degree, by considera- 
tion of data which have been provided by interdisciplinary research 
n which the nervous correlates of behavioral events have been 
Studied. Our interest, however, is not to multiply instances of in- 
hibition, nor to offer i necessarily inadequate account of the relevant 
Slectrophysiological data, but to illuminate the functional relation- 
Ships among the components of behavior. In particular, we shall 
"Understand better the importance of the orienting reaction to ex- 
tinction and habituation, as stressed in the work of Anokhin, and 
de Participation of visceral events in conditioning phenomena gen- 
“tally, as stressed in the work of Bykov, when we see that inhibitory 
Phenomena within the so-called limbic system or visceral brain, and 
Inhibitory influences exercised by this system, regularly accompany 
certain phases of the conditioning process. 
In the studies described below, the records of nervous activity are 
two sorts. On the one hand there are records of surface potentials, 
“tained by means of electrodes placed on the cortex, or more com- 
monly on the skull, Characteristics present in such records (fast or 
Ow waves, alpha-blocking or desynchronization, etc.) differ from 
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one part of the brain to another, and when a change in one area 
regularly precedes some change in another, or when the wave pat- 
tern undergoes similar or opposite changes in different areas simul- 
taneously, it may be possible to draw inferences about functional 
relationships. However, although the correlation between surface 
records and various stages of “activation” (Lindsley, 1951) may have 
general validity, it is at best a very gross index to the complex inter- 
play of excitation and inhibition among the individual units. BS 
Grundfest (1961) states, “the vast proportion of the neuronal activity, 
in the form of synaptic events and of cell discharges, is hidden from 
sight, even more than is the ice hidden below the surface of an ice- 
berg. Indeed the electrocortical potentials that do appear may Ye 
sult-from quite different types of activity so that their similar 
appearance need not indicate physiological or pharmacological re- 
lationships.” The surface potentials therefore tell us very little about 
the changes in unit activities, which are the basic phenomena- 
However, contemporary electrophysiology (as represented, for ex- 
ample, in the recent volume edited by Sheer, 1961) is able also £0 
record the discharges of single neuronal units, studied under dif- 
ferent conditions by means of permanently implanted electrodes. 
Records of this sort, which show increased and decreased discharge 
rates for the same units under different conditions, provide fairly 
direct evidence of inhibitory and excitatory effects. From them we 
Shall see that in every stage of the conditioning process, inhibition 
of unit activities, somewhere in the brain, is an essential part © 
the total pattern. 

Both types of data combine to deepen our understanding of the 
manner in which neural structures and units interact, facilitating 
and inhibiting one another, during different stages of the condition- 
ing process. They demonstrate the involvement of the overlapping 
centrencephalic and limbic systems in types of behavior which were 
formerly regarded as expressions almost exclusively of neocortic? 
activity. As Russell (1961) states, these systems “subserve visceroso- 
matic and emotional mechanisms on the one hand and conscious 
and attentive mechanisms on the other. Clearly it is difficult to 
separate, even arbitrarily, these two systems by physiological cri- 
teria.” Unfortunately, the complexity of the interrelationships 15 
further confused by the lack of a uniform terminology. We shall 
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ME cu for the most part, to mentioning only such major 
Bar d " he amygdala or the hippocampus, without reference 
Suh » i erentiated parts. We must anticipate, however, that 
L à ced E pe in this field will necessitate closer attention 
mà detail. The interested reader will find an overview of the 
prom. relationships in Russell (1961); other discussions of the 
Mack, system are given by Adey (1959), Gloor (1960), Green (1960), 

.cLean (1959), and Pribham (1961b). Herrick (1956) has an inter- 
esting discussion of the phylogenetic significance of the brain stem, 
and of the old and new cortices, as well as many other related 
topics of interest to psychologists. 

Pavlov’s insistence that the cortex of the cerebral hemispheres is 
the seat of all the higher nervous processes, and the site of the 
ee “temporary connections” involved in all adaptive modi- 
pe of behavior, was only one expression ofa conviction widely 
" y physiologists and psychologists alike, that neocortical tissue 

more capable of plastic change, as a result of experience, than 
Paleocortical or subcortical tissue. (However, Yakovlev (1959) 
oe out, on evolutionary grounds, that “when one deals with the 
lemisphere of a cat or dog, one really deals with the rhinic and the 
Imbic lobes only,” and the failure to recognize this fact has been 
? source of error.) Until quite recently, the problem of the extent of 
Participation of brain stem and paleocortical structures in the modi- 
oo of behavior was considered only from the standpoint of 
Eod the degree of this assumed functional difference, and de- 

mining whether these older structures were capable at all of 
Sting plastic changes similar to those which were assumed to 
ccur almost exclusively in the neocortex. The discovery of the 
hag part which the brain stem reticular formation plays in 
SBulating cortical activity, and also the demonstration of the 
= eg to which visceral processes were susceptible to conditioning 
5s ects, gave the problem a new aspect—ie., whether these older 

Tuctures might not actually play an essential part in all instances 


Bf Plasticity, The suggestion has even been put forward (Gastaut, 


1 SA rus 
958) that the primary site of “closure” in conditioning may be sub- 
eful to think not in terms 


COrH À 
d ‘a cal. However, we shall find it more us 

o Ocating the site of closure in one structure or another, but of 
Owing the vertical interplay of influences among structures on 
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different levels. As Herrick (1956) states, it is possible to analyze 
the nervous system into levels of functioning, but interpenetration 
and dependency among the levels is required for integration: “Each 
higher level is derived from the lower and can work only with the 
instrumentation provided by the lower levels.” Konorski (1960) also 
emphasizes that even unconditional reflexes are mediated by sys- 
tems which extend through various levels of the neuraxis including 
the neocortex, with afferent and efferent parts of the reflex mecha- 
nisms represented at each level. The insight derived from the work 
of Moruzzi and Magoun (1949), who discovered the wakening in- 
fluence of the brain stem reticular formation on the cortex, receives 
its full significance only with the recognition that multiple inhibi- 
tory effects, exerted both upwards and downwards, are essential to 
all behavior. Although debate goes on concerning the participation 
of cortical versus subcortical sites of closure in conditioning, it us 
becoming clear that this distinction does not provide a sound basis 
for discussion of the relevant problems. There are many avenues 
of convergence in the nervous system (Brazier, 1961; Magoun, 1961), 
and the issues are not clarified by efforts to select one area or one 
System as more important than others. 

Many workers have tried to plot the sequence of neocortical, 
paleocortical, and subcortical events which are involved in the 
different phases of a typical conditioning procedure. These studies 
have achieved, if nothing more, a restatement of the problem, by 
their forceful demonstration of the interrelated functioning of al 
parts of the brain. The idea that neocortical tissue is necessary for 
intelligent behavior was based on the relatively crude techniques 9 
ablation. More refined surgical procedures were needed to observe 
the behavior of animals with intact neocortex, suffering from lesions 
more deeply placed, but now we know that these are even more 
disabling, not solely with respect to the unconditional reflexes which 
have always been assumed to be dependent on these deeper struc 
tures, but also with respect to the possibilities of adaptive response 
The still more delicate electrophysiological explorations, with simul- 
taneous recording of single unit activities from various parts of the 
essentially intact brain, now give a much fuller picture of the 
activity of different structures during the acquisition and later pe 
formance of conditional acts. The results confirm some of Pavlov S 
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conclusions about relationships between simultaneous excitatory and 
inhibitory processes, while rejecting his hypothetical physiology. 
They are full of reminders that the integrated functioning of the 
nervous system depends on inhibitory influences which are exercised 
among structures on many levels, and that it is impossible to think 
of behavioral plasticity as dependent solely on the special charac- 
teristics of neocortical tissue. 

In the Pavlovian schema, the higher cortical centers of the cere- 
bral hemispheres, which were the presumed seat of all conditional 
Connections, exercised control over the nonplastic lower centers, 
which executed the unconditional reflexes and innate reactions. 
Pavloy was influenced partly by evolutionary concepts, but also by 
the importance which the cortical “analysers” assumed in his experi- 
mental designs, Bykov's demonstrations of interoceptive conditioning 
(see pages 216 f.) cast doubt on Pavlov's sweeping generalizations. 

S a result, Bykov (1957) maintained that the subcortical nuclei 
Were also the seat of the most complex interplay of excitation 
and inhibition, and he stressed the role of diencephalic, and espe- 
cially hypothalamic, mechanisms in conditioning. He even ventured 


to state that certain “untypical” conditional phenomena might 


Occur without the participation of neocortical structures. Despite 


these insights, he sought to retain the basic Pavlovian viewpoint, 
merely introducing his findings as added complications into a 
schema which emphasized the horizontal (that is, cortico-cortical) 
Control systems, rather than replacing them by vertical concepts 
Which would place primary emphasis on the interplay of structures 

longing to different levels. 

It has been established that the basic phenomena of conditioning 
can be observed in animals deprived of neocortex. Gastaut (1958) 
Cites such a study by Sager (1960, p. 202) in which the pairing of an 
Auditory stimulus with an electric shock to the leg eventually elic- 
ited a behavioral response to the auditory stimulus alone. It is 
portant to note that the conditional reaction which occurs under 

ese conditions is not a simple leg withdrawal, but a “vegetative- 


affective” reaction which includes general agitation, piloerection, 
king. Nor was it possible to 
conditioning, 
ation point 


oe Urbed breathing, growling, and bar 
Stablish differentiation. Whatever the locus of such c 
© massive release of behavior and the lack of differenti 
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to the failure of certain adaptive changes which would involve in- 
hibition of components of the response. Beritov (Beritashvilli, 1960) 
comments on similar conditioning in the absence of neocortex, in 
both dogs and cats. 

Hernández-Peón and Brust-Carmóna (1961) implicate portions of 
the reticular formation in such conditioning. They report that cats 
deprived of neocortex acquired a conditional salivary reaction after 
the pairing of a light with the smell of fish, and that in another 
experiment such animals acquired a conditional response to an 
auditory stimulus paired with an electric shock delivered to the fore- 
leg. After establishing these alimentary and defensive conditional 
reactions, they placed lesions in the posterior parts of the mesence- 
phalic reticular formation, with the result that the effects of the 
previous conditioning were obliterated, and conditioning could not 
be reestablished during the time span of their investigation. These 
lesions also altered gross segments of the animals’ behavior, with 
obvious impairment of vision and response to pain. These results are 
not surprising, since the lesions were strategically placed at the 
crossroads of many afferent-efferent systems. To summarize, cortical 
ablation seems to bring losses in discrimination and recognition, 
while the mesencephalic lesions seem to eliminate some of the 
possibilities of functional sensory-holding mechanisms which are 
required for integration. 

From the results of all such ablational studies, we can learn only 
the limits of performance of the surviving tissue, but not whether 
the lost functions were largely performed by the destroyed tissue; 
or depended on combined activity of parts that have been removed 
and some that have been retained. This is a source of ambiguity 
Which is happily absent from investigations in which these inter- 
actional effects are traced by electrophysiological recordings in the 
intact brain, especially when such recordings are accompanied by 
simultaneous observations of behavior. The classical work of DuroP 
and F essard (1935) demonstrated that events of behavioral condi- 
tioning are reflected in the EEG. Thus, an “unconditional stimulus 
such as a brief flash of light changes the occipital alpha patter? 
into the desynchronized pattern characterized by low amplitudes 
and high frequencies. A tone, which was initially neutral with 
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respect to the occipital alpha pattern, is then introduced into the 
situation. After the tone and the light flash have been paired a 
number of times (with the tone leading, but overlapping the flash), 
the tone alone elicits the desynchronized pattern. This paradigm has 
been employed on many occasions, since the report by Jasper and 
Shagass (1941). The many recent studies which seek to elucidate 
further the relationship between electrical patterns in the central 
nervous system and behavioral conditioning are all essentially elabo- 
Tations of this procedure. 

One of the most illuminating of these studies, which will repay 
extended attention, is that of Jasper, Ricci, and Doane (1960). They 
obtained simultaneous records of behavioral response (hand with- 
drawal), the surface cortigram, and single unit discharges from 
monkeys placed in a restraining chair. An electric shock to the hand 
Was the unconditional stimulus, while the conditional stimulus was 
à series of light pulses, occurring five times per second, which 
illuminated the entire field. Before conditioning, this photic stimu- 
ation was neutral with respect to the hand withdrawal which was 
to be conditioned, but records were made of its effects on unit 
Tesponses in frontal, motor, sensory, and parietal sectors of the cor- 
tex, Simultaneously, macroelectrodes recorded the surface corti- 
Sram. Prior to the flash, many units would be firing at rates varying 
Tom one to thirty times a second, reflecting both endogenous 
activity and the background effects of the situation. With the photic 
stimulation, there was the expected desynchronization of the surface 
record, but individual units might show either increased or de- 
Creased rates of discharge. AS these habituation trials proceeded, it 
wes eventually found that almost two-thirds of the units in the 
Motor area did not change their rate of firing in response to the 
ight; of the remaining units, approximately one-half increased their 
Tate, and the other half decreased their rate. The sensory cortex 
Save a similar picture. In the frontal area, 80 percent of the units 
Were unaffected by the light after habituation, while 5 or 6 percent 


creased and 10 to 15 percent decreased their rate. In the parietal 


area, about 80 percent of the units were habituated, and most of the 
. Others decreased in rate. Summarizing these effects, Jasper, Ricci, 
and Doane state that “inhibitory processes are built up in frontal 
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and parietal areas by mere repetition of the conditioning stimulus, 
while excitatory and inhibitory processes are about equally in evi- 
dence in the sensory-motor areas after repeated stimulation." 

After several hundred pairings under the conditioning procedure, 
this picture had changed considerably. The units sampled in the 
motor cortex generally showed an increase in rate of firing (over the 
characteristic rates previously established) on those trials in which 
a motor response was elicited, but little change was observed on 
trials when the animal did not respond. Surprisingly, the response of 
units in the sensory cortex seemed not to be related to the stimulus 
as such, but rather to the evocation of the response, suggesting an 
efferent-afferent feedback. In both cases the effects were mixed, but 
with the predominance of rate increases accompanying behavior 
response. In the frontal sector (Area 8), on the other hand, two- 
thirds of the units showed no change of rate, but of the remaining 
units most showed a decrease or inhibition of unit discharge. In the 
parietal area, likewise, most units did not change their rates, but 
those which did had a tendency to become linked to the photic 
stimulation, There were some units which tended to fire at the rate 
of the conditional stimulus, but this photic-following might repre" 
sent either an increase or a decrease in rate. However, when dis- 
crimination was established between different frequencies of photic 
stimulation, the rate of activity in the parietal and frontal units 
would generally be inhibited by the differential stimulus, and this 
effect was especially pronounced on trials in which the motor re- 
sponse did not occur. In both the frontal and the parietal units, 
then, the picture that predominates in the responding units is one 
of inhibition. 

Turning to still another feature of this investigation, it was found 
that the relationship between desynchronization and unit activity 
varied in different parts of the cortex. In the sensory and motor 
areas, alpha blocking was associated with a general increase in the 
unit firing; but in the parietal and frontal areas, in this avoidance 
situation, desynchronization was associated with a general inhibition 
of unit response. However, in all areas sampled, at all times, excita- 
tory and inhibitory effects existed together. The appearance of slow 
wave activity, likewise, was not always associated with inhibitio? 
of unit responses. 
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In an attempt to gain a clearer specification of the cortical proc- 
esses involved in conditioning, Kogan (1960) used as unconditional 
stimulus direct stimulation of the motor cortex of the dog, at a 
point which elicited lifting of the paw. W. hen this was paired with 
an external conditional stimulus, it was found that there was a general 
increase in excitability as conditioning proceeded. This was fairly 
widespread during the early trials, but “when the reflex became 
well established this zone had radically shrunk to the reinforcement 
point while every presentation of the conditional stimulus began 
evoking in the surrounding analyzers an increase in the thresholds.” 
Despite these changes in threshold, desynchronization appeared 
Over broad areas of the cortex, including those in which the thres- 
hold had been raised. Kogan, like Jasper, also emphasizes that de- 
Synchrony may represent either inhibition or excitation. 

Jasper (1961) studied cortical potentials which accompanied con- 
itional defensive movements. During an initial habituation period 
auditory clicks were presented at a frequency of five per second, 
until the amplitude of the evoked potentials in the auditory cortex 
had dropped to less than one half of the original value. In the sub- 
Sequent conditioning procedure, shock was paired with the clicks, 
after a three-second delay. The evoked potentials at first regained 
Some of their original amplitude, but they did not exceed the pre- 
abituation values, As the animals began to avoid shock by paw 
Withdrawal, the evoked potentials began to decline; when perform- 
ance reached a level of 90 to 95 percent consistency, “the evoked 
Potentials declined further and reached a very low value, even 
elow that obtained in the habituation series.” During subsequent 
extinction of the conditioning, the amplitudes remained low at first, 
then rapidly rose to 60 to 70 percent of the prehabituation level, and 
: en declined again to the very low values observed when condi- 
"Oning was in effect. Upon reconditioning, the average amplitude 
Increased and again decreased as responses reached the 90 percent 
evel of consistency. Jasper comments that “it would seem that the 
evel of these types of response was more related to an alerting 


Te ] Pw » 
Action, not necessarily to conditioning as such. (Another phase 


2 i i s 2 4 - 
this important investigation, reported by Majkowski, is described 


9n page 352.) 


Tazier (19602) makes the same point in a similar context, and 
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warns that although electrocortical potentials and EEG patterns 
change during conditioning, these effects are more likely mediational 
rather than end points of pattern storage. In some studies, stability 
may occur on the electrophysiological level before behavioral con- 
ditioning has taken place, and in others components of the behavioral 
pattern may appear or become extinguished while electrophysio- 
logical events continue relatively unchanged. (However, these con- 
clusions refer to EEG phenomena, not to unit responses.) Also, 
behavioral consistencies, such as conditional responses, may survive 
massive cortical alterations, including shock and ablation. Many 
workers have found that cortical areas which are responsive to 
stimulation during conditioning may be extirpated without pre- 
venting similar conditioning at a later time. In the study just cited, 
by Jasper, large bilateral extirpations of auditory cortex did not 
prevent the establishment of the conditional response to the click 
stimulus. These paradoxes point to the need for analysis of the con- 
ditioning process into several phases, rather than regarding it as à 
mere accumulation of similar effects. Many workers are now en- 
gaged in programs directed to this problem. 

One such program has been summarized by Voronin and Sokolov 
(1960), and again more fully by Sokolov (1960). Before describing 
it, some introductory remarks are in order. It will be recalled that 
Pavlov (1927) introduced the term investigatory reflex to designate 
"the immediate response in man and animals to the slightest changes 
in the world around them, so that they immediately orientate their 
appropriate receptor organ in accordance with the perceptible 
quality bringing about the change." The investigatory or orienting 
reflex is also the powerful source of inhibition of conditional reflexes; 
and one of the best means for testing the stability of reflexes (Frolov, 
1937). It has been suggested that this mechanism is the physiological 
basis for “attention,” as well as for the preparatory acts of the 
organism. Frolov recalls the observation of Roger Bacon that “a 
miller sleeping amid the noise of his mill and the creaking of the 
water wheel, will inevitably wake up as soon as there is any inter- 
ruption in the work of the mill,” and he goes on to cite Birman's 
work, in which dogs were conditioned to respond to one of twenty 
tones on a harmonium. The dog would remain unaroused or asleep 
during the playing of these tones, except for one near the middle 
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of the scale, which had been selected for use as a positive con- 
ditional stimulus. This would immediately elicit arousal and response 
appropriate to feeding. Pavlov termed this complex reaction the 
phenomenon of the “watchman,” and likened it to a “local cortical 
= which remained active while the remaining cortex was in a 
State of sleep inhibition. Although Pavlov could not adequately ac- 
oe for such an effect, he nevertheless maintained that such a 

sponse would have to be supported by unconditional centers in 
subcortical structures. Thus, this local excitation in the presence of 
sleep inhibition of the cortex is one of the stated exceptions to 
Pavlov's theory of horizontal control mechanisms. This activation of 
a conditional response during sleep requires that vertical controls 

€ operative, His theory of the cortical mosaic would seem to 
Tequire that there be an acquired directionality from the subcortical 
Center, even though the response activated is a conditional response. 

Voronin and Sokolov (1960) have attempted to place the phe- 
nomenon of the watchman and orienting into the context of con- 
temporary neurophysiology. The pattern of the orienting reflex, which 
E basically an unconditional reflex, includes alpha blocking, as well 
as changes in GSR, respiration, muscle tone, and varied adjustments 
of receptor organs. However, this reflex is subject to modification or 
Specialization,” and individualized orientation reactions evidently 
include conditional mechanisms. Furthermore, the components of 
the orienting reaction can be extinguished and inhibited in different 
Patterns, according to the quality of the stimulation, and this sug- 
Eests to Voronin and Sokolov that selective mechanisms of inhibi- 
tion are acting through specific cortico-recticular pathways, and 
taking effect on the sensory collaterals which enter the reticular 
formation. Since inhibition affects some afferent pathways, while 
Other afferents continue to evoke components of orienting, they 
argue that there must be cortical control of collateral influx into 
the nonspecific activating system of the reticular formation. Evi- 
dence that the extinction of components of the orienting reaction is 
Active inhibition, rather than a lowering of the general level of 
arousal or a simple increase in excitation thresholds, is found in the 
observation that when a tone has been repeated at a given intensity 
until it has ceased to evoke alpha blocking, the change to a lower 
Intensity of the same tone will evoke it again. Such facts indicate 
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that the orienting reaction involves some comparator mechanism 
which is able to relate the characteristics of the present stimulation 
—its duration, intensity, quality, etc.—to a trace of past inputs which 
are already subject to inhibition. 

To account for these effects, Sokolov (1960) proposes that a kind 
of “neuronal model” of experience is somehow constructed and re- 
tained in the cortex, while the reticular formation acts as a kind of 
booster or amplifier. Afferent impulses are received at the cortical 
points of the analyzer, but they also proceed into the amplifying 
system, unless they are checked by inhibition at the level of the 
collaterals into the reticular formation. This inhibition will take 
place whenever concordance exists between the input and the 
neuronal model in the cortical system. When stimuli differ from 
those so modelled in the past, afferent impulses will reach the 
reticular amplifying system via the collateral pathways. The arousal 
system then discharges into the cortical centers, thus increasing the 
capacity for discrimination, until a new neuronal model is formed 
which is concordant with this information, and inhibition agai? 
exercises its specific effect upon the stimuli evoking orienting Þe- 
havior. (The amplifying effect might, of course, be disinhibitory, 4S 
we have assumed in an earlier chapter.) 

This theory, with its recognition of interaction between cortical 
and brain stem mechanisms, is a considerable advance over classi- 
cal Pavlovian theory. The emphasis on multi-afferent-and-efferent 
patterns requires a concept of inhibition which is specific and di- 
rected, and not simply irradiating. This concept of cortico-reticular 
control seems also to be an improvement over the simpler theory 
of a diffusely activating or drive system, because it accounts better 
for the differential effects of various stimuli, as shown especially in 
habituation of the orientation reaction. Although Sokolov describes 
his amplifying system as discharging into vegetative and somatic 
centers, and as increasing sensitivity at peripheral levels, the theory 
still holds to the classical Pavlovian tradition in that these lower 
centers can only intensify (or interfere with) the action of cortical 
mechanisms which retain executive control. 

It was pointed out in Chapter 10 that Anokhin also looks to the 
orientation reaction as the source for the inhibitions involved in the 
process of extinction. Anokhin (1961a) states that Pavlov believed 
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that subcortical activity “represented a kind of ‘blind force’ that en- 
sured a high energy level for the functional interactions among the 
cortical elements.” Anokhin himself contends that the influence of 
reticular and other subcortical nuclei on the cerebral cortex is 
always “of a functionally specific character . . . and this is what 
determines the selective character of cortical connections that are 
mobilized adequately to the animals’ given behavioral act.” He con- 
ceives of the conditional reflex as dependent on numerous ascending 
subcortical influences, which are influenced by such factors as type 
of stimulation, background stimulation, previous conditioning, level 
of anesthesia, etc. 

For example, Anokhin (1961b) describes antagonistic effects of 
alimentary and defensive conditioning on rabbits in the same situ- 
ation. Both forms of conditioning evoke desynchronization, but after 
à considerable amount of training without shock or sudden stimu- 
lation of any kind, slow, high amplitude resting potentials may 
appear in the cortex. However, if even a few shocks are administered 
to the animal the resting potentials disappear, and a marked de- 
Synchronization again dominates the picture. Unlike alimentary 
Conditioning, defensive reactions are associated with prolonged 
Periods of cortical desynchronization during intervals between the 
administration of the shock. During painful stimulation a “stress 
rhythm" of four to seven cycles per second appears, following a 
Vertical pattern: reticular formation; medial thalamus; hippocampus; 
and finally, after a lapse of several seconds, in the temporal cortex. 
Meanwhile, the sensorimotor cortex displays a desynchronized 
Pattern, A bell that has been paired with the shock can also evoke 
this stress rhythm. Painful stimulation can both evoke and reinforce 
the total pattern. The injection of an optimal dose of chlorpro- 
Mazine will cause both the desynchronization and the stress pattern 
to disappear after one or two minutes; and on the behavioral side 
the animal will then engage in searching reactions, examining and 
eating food if it is present. If the conditional defensive stimulus is 
applied under these circumstances, the animal remains indifferent. 


On the other hand, a 
Stimulus evokes the usual 3 
Anokhin, “By means of certat P 
to block one biologically integra 


dministration of the conditional alimentary 
activation pattern of the cortex. Thus, says 
harmacological agents it is possible 
] reaction and state of the animal 
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and to free from the inhibiting effect of this first reaction other 
integral reactions of an opposite biological quality.” He reasons 
that this selective action of chlorpromazine on the defensive re- 
action, but not on the alimentary reaction, points to biochemical 
specificity of subcortical nuclei, and hence to the possibility of 
multiple ascending influences on the same cortical neurons. (Such 
biochemical specificity will be discussed further in Chapters 15 and 
16.) 

Anokhin’s conception of the selective action exercised by various 
ascending influences articulates with many other recent approaches 
to the problem of integrated control. For example, Jasper (1961) 
says: "It appears from many recent studies that the so-called extra- 
lemniscal sensory system passing up the core of the brain stem can 
no longer be considered an entirely non-specific system, but it must 
contain relatively specific components as well as relatively unspecific 
ones: excitatory and inhibitory mechanisms in a finely interwoven 
pattern of integrative organization, not adequately described as an 
activating or ‘arousal’ system." This view is supported by the report 
of Galambos and coworkers, that after bilateral destruction of the 
“classical” auditory lemniscal tracts, it was still possible to elicit 
recordings from the auditory cortical area in response to click stimuli 
(Galambos et al., 1961), Indeed, there was no difference in latency> 
wave shape, or duration of these effects after these lesions. The 
effects disappeared under barbiturate anesthesia, as expected on 
the basis of Brazier’s (1958) report on the action of anesthetics 07 
the reticular ascending system. (Brazier’s work is described on 
page 346.) As Olszewski pointed out (see page 129), brain stem 
mechanisms are far more differentiated than most workers ha 
previously expected. Lindsley (1961) considers that the ascending 
reticular system is sufficiently differentiated to serve as a monitoring 
and sampling system which becomes adjusted to levels of afferent- 
efferent traffic and may project these levels to cortical sectors. If it 
is sometimes an arousal system, it presumably serves at other times 
as a gating or inhibitory system, when too much stimulation is 
being received. He cites an unpublished study by S. Fox, in which 
monkeys were trained to press a lever in order to receive a half- 
second pulse of light, in an otherwise light-deprived situation. 
These animals might respond 1000 times in a ten-minute interval 
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and continue at that rate for several hours; but when light is intro- 
duced into the cage, the response rate falls. 

It would seem that the cerebral cortex and the reticular formation 
act cooperatively in such monitoring. Jouvet (1961) found that the 
orienting response cannot be extinguished—that is, inhibited—after 
ablation of the neocortex, and it is disturbed after ablation of the 
frontal lobes, although a small part of the frontal and temporal 
Cortex is sufficient to make extinction possible. He visualizes a 
rostral inhibitory system which acts downwards, from neocortex to 
the reticular level of the midbrain. Evidence for this system is found 
in the appearance of “spindle and slow waves first at the corticodien- 
cephalic and later at the mesencephalic levels. This system is 
plastic and can be triggered by repetition of indifferent stimuli 
during habituation of the arousal of the orienting reflex.” Thus, 
Once again, the action of the neocortex is linked to inter-related 
Systems of inhibition penetrating the brain stem and limbic struc- 
tures, Loss of inhibition in any of these systems produces effects 
Which are difficult to define in terms of the traditional categories of 


ehavioral description. 
. In an attempt to avoi 
Input-output or linear circuitry, 


d inappropriate models based on ideas of 
as well as on the static localization 


theories which Lashley and others have warned against, W. K. 
Livingston and coworkers (1954) suggest that the reticular for- 
mation be regarded as a “trans-actional link" for all parts of the 
nervous system, rather than merely as an amplifier or arousal 
System. 'This conception is further developed by Worden and 
R. B. Livingston (1961), who point to the vast array of studies 
Which tie the reticular system to the most varied behaviors. 

The problem of the definition of function for the brain stem 
reticular formation is dealt with by Chow, who works in the Lashley 
tradition which emphasizes the possibilities of vicarious function. 
Chow (1961) cites the work of Adametz (1959) on the serial section- 
ing of the rostral reticular formation, with recovery between opera- 
tive stages. Chow’s account states that “practically normal behavior” 
Was evidenced after the postoperative effects had disappeared. 
Using the same method, Chow himself found that even after much 
of the reticular formation had thus been removed, cats could “learn 
or retain conditioned avoidance responses and visual discriminations 
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like normal cats. They also showed normal waking and sleeping 
EEG's, and normal conditioned cortical repetitive potentials." These 
results are a forceful warning against any theory of place "centers 
in the reticular formation, but it is difficult to comprehend Chow's 
statement that the “behavioral significance of the reticular formation 
has yet to be fully determined.” Indeed, we do not yet fully under- 
stand the behavioral significance of any part of the brain, but the 
fact that certain plastic changes can occur after neocortical, paleo- 
cortical, or brain stem lesions does not lessen the behavioral signifi- 
cance of these interpenetrating structures. Although the role of a 
réticular formation has, at times, been presented along the lines Q 
an outmoded conception of the localization of functions, it is tod 
late to open debate in those terms. The term "localized" remains 
meaningful, even if it does not signify the indispensable partic 
pation of a given structure in given behavior, but rather the poe 
pation of that structure, in an intact system, in the initiation of uer 
behavior. And just as stimulation of certain points in the intac 
system, like certain nuclei of the hypothalamus, may lead to a $°- 
quence of processes which terminate in fairly well defined cate 
gories of behavior such as flight or escape, rage, and sexual func 
tion, so also localized pathologies may lead to well defined effects, 
as in focal epilepsies. 

Regarding the problem of localization of function, John (1961) 
says: "The fact that an animal can learn or retain a response after 
a lesion does not of itself warrant the conclusion that this structure 
plays no role in the response. The engram, we suspect, is wily 
enough to elude the subcortical shot as the cortical knife. Memory 
seems more likely to be a set of processes, which define a state, than 
a ‘bit’ in place. That places participate in process is apparent, but 
we more legitimately expect the lesion of a region to alter the 
process than to abolish the state,” 

Perhaps the most interesting data relative to the localization of 
function comes from the experience of neurosurgeons working with 
the problem of focal epilepsy. Similar conditions can also be pro* 
duced experimentally, by application of toxic substances to limite 
areas of the cortex. That the resulting seizures do not arise simply 
from the affected area is shown by the fact that they must be 
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triggered by relevant afferent stimulation. (Recall the findings of 
Clementi and of Amantea, mentioned on page 125.) The situation 
Is presumably similar in clinical epilepsy, although, as Gastaut and 
Fischer-Williams (1959) point out, “the fact that afferent stimuli 
precipitate a seizure is not clinically apparent because local hyper- 
excitability increases at the approach of an attack and is finally so 
marked that any volley of nervous impulses resulting from an in- 
Significant stimulus is sufficient to fire off a paroxysm." Removal of 
the affected cortical area spares the organism the consequences of 
this pathology, but in the clinical case this method cannot be used 
When ablation will also eliminate functions which are vitally or 
€ven socially indispensable. Out of extensive experience with such 
Surgery, Penfield and his colleagues (Penfield, 1938, 1954; Penfield 
& Jasper, 1954; Penfield & Rasmussen, 1950; Penfield & Roberts, 
1959) have developed a new conception of cerebral functioning, 
m Which major emphasis is placed on what he calls the "centren- 
cephalic system.” 

This system is conceived of as a brain stem mechanism which in- 
cludes “all those areas of subcortical gray matter (together with 
their connecting tracts) which serve the purpose of inter-hemispheral 
integration and intrahemispheral integration.” Penfield points out 
that while removal of many, if not most, parts of the cortex does 
not necessarily entail postoperative loss of consciousness in the 

uman being, "any lesion, such as a tumor exerting pressure or some 
agent that interferes with the circulation of the brain stem, is ac- 
companied by unconsciousness" (Penfield & Roberts, 1959). 

Penfield's hypothesis of a subcortical center of integration does 
Dot minimize the importance of the cortical fields. What would seem 
to be minimized is the unique role of the cerebral cortices as a locus 
for integrated action and psychological function. For example, Pen- 
field and his colleagues have confirmed that electrostimulation of 
the precentral gyrus may bring about changes or movements in the 
Peripheral musculature, chewing, swallowing, breathing, and vocal- 
izations, On the other hand, stimulation of the postcentral gyrus 
and the calearine fissure will produce sensations such as tingling, 
feelings of movement, and diffuse visual effects. Since cutting 
around these areas does not prevent these effects, he concludes 


242 Choice: The Central Problem of Psychology 


that "voluntary movement must be carried out by means of a 
stream of nerve impulses beneath the cortex," in the direction of 
the brain stem. "The precentral gyrus can do nothing by itself. 

Penfield reports that stimulation of parts of the temporal, parietal, 
and frontal cortices may inhibit an ongoing speech pattern and pro- 
duce aphasic arrest. The patient claims that “he knew what he 
wanted to say . . . [but] could not find the words.” Speech ar- 
rest has been found in most areas which produce vocalization and, 
according to Zangwill (1960), stimulation of certain areas of the 
dominant hemisphere may produce inhibition which is a "genuine 
disturbance of word finding and speech control." Stimulation of the 
lateral surfaces of the temporal lobes may evoke flash-back Yon 
actment of previous experience. In this case, the patient may pel 
kind of dual role, by being aware of the reenactment as well as © 
the present. He may recall speech, and the entire situation is mean- 
ingful Penfield points out that stimulation of nearby points may 
produce the same recollection, and later stimulation at ^what seems 
to be the same point may produce an entirely different P 
Similarly Baldwin (1960) points out that removal of the tissue ene a 
ing these experiences does not prevent the recall of the experience 
or the recall of the report of it during surgery. 

Penfield sees cortical activity as one part of a continuous syste™ 
for the elaboration, control, and regulation of behavior. Penfie 
and Roberts (1959) report many additional observations tending " 
support the basic theory. Observations made during stimulation o 
the temporal lobes point to the existence of an on-off mechanism 
which releases the reported experience in temporal correspondence 
with the original experience. The hallucinations run an ordere 
time pattern, and although the voluntary or selective recall of the 
experiences may not be possible, the automatic temporality of the 
recall is such that the patient is not confused. Comparing the reten- 
tive aspects of these experiences to a “strip of film,” the authors com 
ment that “A regulatory inhibitory mechanism must guard against 
activation of other portions of the film. As long as the electrode 1$ 
held in place, the experience of a former day goes forward. There 
is no holding it still, no turning back, no crossing with other poe 
riods. When the electrode is withdrawn it stops as suddenly as it 
began." The off mechanism is illustrated by temporal lobe stimula- 
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tion which produces amnesia during and after stimulation. During 
this period, Penfield says, the recording of experience “seems to be 
arrested somehow in both temporal lobes or, more likely, in the 
Central integrating mechanism that projects the memory record to 
both temporal lobes.” During periods of automatism, a patient may 
perform in a manner which suggests that he is not cut off from the 
effects of past experience, although he may have amnesia for the 
entire sequence of acts carried out during the period. Penfield feels 
that this is probably due to the functional failure of systems in 
Which deep temporal lobe mechanisms are active in the scanning 
and the recording of experience. 

Summarizing this aspect of his theory, Penfield (1958) says: “The 
Major contribution of the temporal lobes to brain function ap- 
Parently has to do with memory recording and with perception. 
It is evident that absence of the hippocampal gyrus and hippo- 
campus on both sides makes any permanent recording of present 
eXperience impossible. This may mean that the ganglionic record 
of the stream of consciousness is located there, or it may mean that 
the hippocampal structures play an essential role in the laying 

Own of the record elsewhere. Wherever it is, there must be some 
Closely connected mechanism in the perceptional cortex capable of 
Teactivating selected strips of the record.” Work by Scoville and 
Milner (1957) would seem to support Penfield’s concepts concern- 
ing these structures, but it is evident that the “record” is not stored 
m the hippocampal structures, since bilateral removal seems not 
to cut off the patient from the past. Penfield (1958) poses a “com- 
Parator” model in which the temporal cortex and the inner cen- 
trencephalic system and the limbic structures are mutually in- 
Volved in relating present and past, in a way which suggests a 
Perceptuo-cognitive analogue to Pavlov's “orienting reflex.” 

A great deal of recent experimental evidence points to the cru- 
Cial role of the hippocampus in adaptive behavior generally. In the 
Work of Grastyán and his collaborators, it has been assigned an 
Important art in the inhibition of the orienting response. Green 
and Arduini (1954) had observed that stimulation of the reticular 
formation, which produces desynchronization of the neocortex, may 
also bring about the opposite phenomenon, slow theta activity, in 

€ hippocampus. Grastyán believes that this theta activity is a 
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correlate of the orienting reaction, and is associated with behavior 
during the initial periods of conditionings. Lissák and Grastyán 
(1960) found, however, that novel stimuli brought about this theta 
activity only after several trials in the conditioning situation. Gras- 
tyán, Lissák, and Kékesi (1956) found that stimulation of the hip- 
pocampus itself will elicit desynchronization in the contralateral 
hippocampus. On the other hand, stimulation of the reticular forma- 
tion or the hypothalamus elicits the theta pattern. These authors 
therefore conclude that one of the functions of the hippocampus 
is to facilitate coordination by controlling the orienting reaction. 
After conditioning is consolidated, the behavioral orienting and the 
theta activity both drop out, and faster desynchronized activity 
occurs. If a differential stimulus is added to the conditioning situa- 
tion, the theta activity appears again. Grastyán concludes that the 
desynchronized activity is associated with inhibition of orienting 
reactions. He cites results of Eidelberg, that lesions of the centrum 
medianum eliminate the evocation of the slow hippocampal po 
tentials in rabbits, and comments that nuclei of the thalamus are 
crucial in control of hippocampal functions. ] 
MacLean (1959) and his collaborators have related hippocamp? 
activity to many other activities, as well as to orienting. MacLean 
stresses the functional and anatomic interrelationships among paleo- 
cortical structures, including the allocortex of the hippocampus a” 
various subcortical structures, including the septal area, the amy" 
dala, the hypothalamus, and other nuclei. Following Broca, Be 
groups these phylogenetically old structures in the limbic SY 
tem. The classical paper underlying modern work on this system A 
Papez (1937), which advanced the conception of the “viscera 
brain.” MacLean points out that the limbic lobe structures and 1°- 
lated subcortical nuclei participate in “a variety of behaviors apr 
volved in self-preservation and in the preservation of the species 
and that this anatomically old system is a “common denominator 
in the brains of all mammals.” He cites work by Flynn, in whic 
the slow theta activity of the dorsal hypothalamus seemed to dis- 
appear when an exploring animal gratified itself with food or wate® 
Flynn, MacLean, and Kim (1961) extended these studies; they ob- 
serve that although limbic seizure patterns may give rise to intense 
electrical activity, there is no corresponding convulsive activity iP 
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the skeletal musculature. However, during such seizures the animal 
is unable “to respond appropriately to various stimuli.” After 
establishing trace conditional cardiac and respiratory responses to 
the sound of a buzzer paired with a delayed shock to one leg of 
the animal, it was possible to eliminate this conditional response by 
Propagating hippocampal seizures. Similar effects were observed in 
relation to delayed conditional leg withdrawal. After anticipatory 
leg Withdrawals had been correctly performed for about 100 trials, 
the response was abolished by a contralateral hippocampal seizure. 
There was no evidence for spread of the seizure to the neocortex, 
and the auditory signal continued to evoke potentials in the auditory 
area during the seizure. 

Confusional effects of hippocampal stimulation have also been 
Teported by Olds and Olds (1961). They trained rats in a problem 
box With two levers, so placed that if the animal incorrectly pressed 
One, he had to retrace in order to press the other. Either lever might 
be Correct on a given day, and the animal had merely to activate 
the correct one in order to receive food at the opposite end of the 
Apparatus, These animals had electrodes implanted in various corti- 
cal and subcortical locations. Stimulation delivered via electrodes 
implanted in the neocortex, in the thalamus, and in parts of the 
Teticular activating system had little effect. Stimulation of points 
throughout the hypothalamic-paleocortical systems resulted in both 
Confusion and self-stimulation, but points which yielded only con- 
fusion were “clustered along the hippocampus proper.” Olds in- 
terprets this result in the sense that “positive reinforcement” points 
Cause confusion because stimulation in some of these hypothalamic- 
Paleocortical areas overrides the effects of food, even in food- 

€prived animals. However, stimulation of the “hippocampus 
Proper” js not in itself reinforcing, and the confusion must have 
a different basis. Bureš (1959), using Leao’s (1944) “spreading de- 
Pression,” produced a reversible malfunction of the hippocampus, 


and he also noted confusion as a result: for example, an animal 
Might return to an area in which it had received shock, as if “there 


Were a complete memory loss of what had occurred immediately 
efore,” 
Phibham (1960) says that interference with hippocampal processes 
and other limbic structures creates peculiarities in behavior which 
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are difficult to place in the context of our conventional terminology. 
Human patients with limbic lesions are able to recall events prior 
to surgery, and immediate recall is not impaired under very simple 
conditions of recall; but, if distracted, such patients are unable to 
recall what they were supposed to do. Pribham says that such pa- 
tients seem “unable to recall whatever is necessary to execute a 
sequence of actions.” In his view, the limbic structures are involved 
whenever the behavior is such that it requires shifting from one 
activity to another. Again, the hippocampus is involved in the con- 
trol of orienting reactions, although in a far more complex manner 
than in Grastyán's observations. Pribham states that electrical 
changes of the amygdaloid complex occur when "the organism is 
exposed to a novel event or one that has meaning in terms of reward 
and punishment. .. . These electrical changes subside once the 
organism is familiar with the event unless the hippocampal forma- 
tion of the limbic system has been ablated, in which case electrical 
changes continue to occur when this or any other event has taken 
place." Similarly, Grastyán (1959) observes that although cats can 
still be conditioned after bilateral removal of the hippocampus, “t 
remains always the orientation reflex which mediates the final act.’ 
Therefore these animals could be conditioned only when the situa- 
tion is so well controlled that no external inhibitors occur to com- 
plicate the situation. 

Another way to state this would be that for an animal without 
a hippocampus, every situation is novel. Bilateral lesions of the 
amygdala have similar effects, Pribham (1961b) found that bilateral 
removal of the amygdala interferes with transposition learning in 
monkeys, Monkeys without such "core-brain" lesions learned to 
respond to the darker of two stimuli, but monkeys with lesions in 
these structures "act as if the test grays were ‘novel’: they respond 
on a 50:50 basis, as if they were in a totally new situation.” This 
conforms with Olds’ (1955) finding that after amygdaloid destruc- 
tion animals lose capacity for performing relevant discriminations. 
Such gross loss of pattern discrimination may help to explain the 
finding of Schreiner and Kling (1953) that after amygdalectomy cats 
become hypersexual, responding to animals of different species in- 
cluding dogs and monkeys. Russell (1959) has implicated the hippo- 
campal system, including the mammillary bodies, in the confusional 


————————— 


Intracerebral Events and Behavioral Plasticity 247 


b of syndromes such as Korsakoffs psychosis, involving hallu- 
ations and disorientation with respect to time, as well as loss of 
memory. 
E (1961) and Heath and Mickle (1960) have made obser- 
EA human patients over long periods of time, using depth 
Bu "s Some of the patients were psychotic (schizophrenic), 
fein cm were nonpsychotic, but suffering from episodic be- 
oe 3 isorders such as psychomotor epilepsy. Gross correlations 
b o tained between acute psychotic states and spike and slow 
ges activity in parts of the limbic system. The electrical pattern 
death Py me the rostral hippocampus, and the amygdala, is de- 
Je edasa slow spike with a slow component." Similar irregularity 
EU found in other parts of the limbic system, and it rarely 
Fo pin to the cortex. During periods of “psychosis in remis- 
E. oa patterns obtained were nearly similar to those obtained 
Xs He nonpsychotic patients during their periods of relative 
rmality, Heath points out that when the schizophrenic patient is 


oy disturbed, the marked change in pattern of the recordings 
Tom the amygdala, the septal region, and the hippocampus is not 
Necessarily reflected in similar changes in other deep structures or 
1n the surface cortical record. 
"hs nonpsychotics, during episodic 
; vement of the same structures, but the pattern was more 
cit evident during these shorter periods of agitation. At such 
On es the patients reported upon were disoriented in various ways. 
oe eu compulsively chanted Psalms in a detached" manner 
ad hallucinations; another was “disoriented as to space, time, 
their recordings “suggest 


n person." Heath and Mickle state that 
i behavioral deviations correlate much more readily with ac- 
ivity of the deeper structures than with either the cortical or scalp 


recordings. .. , They indicate that a storm of abnormal activity 
Ns E n e brewing below with little or nothing showing at the cortical 
Vel,” 

nee the wealth of data and theory 
that other limbic structures in behavior, 
la the orienting reaction nor $ 
abl ized in these structures. When we reca 

ation of the hippocampi did not remove 


behavioral disorders, showed 


which implicates these 
it must be emphasized 
torage of information is 
Il Grastyán's report that 
the possibility of simple 
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forms of conditioning, and the evidence from Jouvet, Hernández- 
Peon, and others that simple conditioning but not extinction of the 
orienting reaction can take place after removal of all neocortex, it 
is clear that these systems mediate important aspects of behavioral 
plasticity. Any given integrated behavioral act probably involves not 
one, but many comparator systems acting jointly, and performing 
with constant multiple feedback among them. Our neurobehavioral 
vocabulary is still inadequate to define the dimensions of such in- 
teraction. The brain, which changes itself in the course of its ow? 
activity, is not to be regarded simply as a spatial maze of paths and 
connections. We have probably come close to the limits of the 
understanding, in terms of behavioral analysis, which can be built 
upon such a conception, and we must now take account of the fact 
that the most important determinants of integrated behavior are to 
be found in coexisting and largely parallel systems which are pre- 
dominantly inhibitory in nature. As neurobehavioral research f0- 
cusses on the types and quantities of inhibition, revealing neura: 
sectors of so-called “silence” as well as sectors of “activation,” —for 
both are of equal importance—the fundamental patterns of nervous 


activity will be more closely linked to the richness we recognize in 
behavior. 


ON THEORIES OF LEARNING 19 


The theories of behavior which are widely held by academic psy- 
chologists all tend to focus on the problem of learning. And, despite 
their differences, all alike relegate inhibition to a subordinate role, 
or deny that the concept has any validity whatever save in a purely 

escriptive sense. The facts which were adduced in the first part 
of this book can leave no doubt about the importance of inhibition 
asa physiological phenomenon which affects the outcome of be- 

avior. On this level, it is not possible to close one’s eyes to inhibition 
as a necessary concept for the description of empirical data. It may 
Still be argued, however, that the question for psychology is not 
Whether inhibition is a physiological reality, but whether an in- 

ibition-construct is essential for the prediction of behavior, and if 
So, how large is the role that it must play. 

The test of this pudding is in its eating. We shall not serve up a 
Dew theory of learning, spiced with inhibition, but we can sample 
the old ones and try to show that they all lack an essential ingredient. 
Specifically, we shall try to show that although each of these 
theories achieves a considerable success in predicting behavior in 
Certain defined situations, none can reasonably be regarded as a 
"theory of learning" in the sense that it is able to fit all the kinds 
of plasticity which are displayed by organisms when they are not 
Subject to the restraints imposed by experimental controls. 

The point which we wish to make can be illustrated first with 
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respect to a very old theory of learning, which Plato presents in the 
Dialogue of Meno. The Dialogue begins with Meno's query whether 
virtue can be taught or is given to man by nature or acquired in 
some other way. After some conversation about virtue, Socrates pro- 
poses that “all learning is but recollection,” and he undertakes to 
demonstrate this with a slave boy who has never studied geometry. 
Then Socrates displays the skill which should make him the patron 
saint of all those who write instructional programs: 


Soc. Attend now to the questions I ask him, and observe whether 
he learns of me or only remembers. 

Men. I will. ? 

Soc. Tell me, boy, do you know that a figure like this is a square 

Boy. I do. 

Soc. And you know that a square has these four lines equal? 

Boy. Certainly. 

Soc. A square may be of any size? 

Boy. Certainly. 

[The program continues until the boy makes an error.] : 2: 

Soc. Do you see, Meno, what advances he has made in his Lai 
of recollection? He did not know at first, and he does not know Es 
what is the side of a figure of eight: but then he thought that he kne e 
and answered confidently as if he knew, and had no difficulty; but no 
he has a difficulty, and neither knows nor fancies that he knows. 

MEN. True. 

[After some further discussion, Socrates resumes the program.] d 

Soc. Mark now the further development. I shall only ask him, an 
not teach him. . . . Tell me, boy, is this a square of four feet whi 
I have drawn? 

Bov. Yes. 


Soc. And now I add another square equal to the former one? 
Boy. Yes. 


Soc. And a third, which is equal to either of them? 

Boy. Yes. 

[The program continues in this fashion until the boy agrees to 3 
statement to the effect that the square on the diagonal is just twice ins 
great as the original Square. Then the program is redirected to 
astonished Meno.] ? 

Soc. And this knowledge which he now has must he not either 
have acquired or always possessed? 
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As meekly as his slave boy, Meno answers “Yes.” If he is to play 
the game according to its rules, he will now have no choice but to 
agree that the boy “recollected” what he had already known. But 
this conclusion depends on the tacit initial assumption that the boy 
Was, at the start, either an empty vessel into which knowledge 
must be poured, or one in which this knowledge was already con- 
tained. If this be learning, and this be recollection, then there must 
indeed be “some other way,” as suggested in Meno's original 
query. What would have happened, we wonder, if Meno had 
answered not with yes or no, but neither? How would the behavior 
of the programmer have altered to accommodate this unruly re- 
Sponse? 

Although in this chapter we shall consider a number of theories 
of learning, we are not ourselves disposed to accept the disjunction 
between learning and maturation, any more than that between 
heredity and environment. Nor do we wish to evade the question, 
4s many have done recently, by answering “both.” Instead, we pre- 
fer the answer “neither,” because the question as put is meaning- 
less without a particular definition of learning, and the kind of 
“learning” which is defined by any particular theory does not ever 
include all of the possibilities of choice which are open to the 
Organism in a situation which is not controlled by a particular ex- 
Perimental paradigm. "mm. 

l organisms exhibit what Brunswik (1952) called "stabilized 
Achievement," that is, they adjust to changes in the environmental 
Situation by performing actions which result in fairly systematic 
relationships between their internal states and their ecological sur- 
rounds. Tolman and Brunswik (1935) stated the need for be- 
lavioral plasticity in these terms: “The wholly successful organism 
Would be one which brings, innately, normal averagely 'good 
Means-end hypotheses and normal averagely good ‘reliable’ per- 
Ceptual hypotheses; but which can immediately modify these hy- 
Potheses to suit the special conditions of a special environment: 
Which can note and include in its cue-system and in its means-end- 
System the presence of the further identifying features of these 
Special environments. But further, such an organism must also, if 
It is to be completely successful, be equally able at once to drop 
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out such new hypotheses when the special features as to cue or 
means are no longer present.” 

This statement includes a methodological implication which is 
accepted by virtually all psychologists: to study an organism, we 
must place it in a situation with which it is not initially prepared to 
cope on the basis of “innate hypotheses.” It is this method of study- 
ing the plasticity of behavior with which we are concerned. Inter- 
estingly, this statement embraces both Freud’s concept of develop- 
ment by blocking of “instinctual discharge” and the Dewey and 
Bentley approach which has been developed by Ittelson and Can- 
tril (1954), who state that “hitches or obstacles, provide the oc- 
casions for increasing the scope and adequacy of our assumptions. 
(Ethologists, on the other hand, do not insist that an organism must 
be confronted by a problem in order to present behavior that is 
worth observing.) 

Much earlier, the method had been introduced by Thorndike in 
his first experimental studies of Animal Intelligence (1898). He put 
newly hatched chicks into mazes, and hungry cats into puzzle- 
boxes. In attempting to escape from its box, the cat usually emits a 
relatively large number of responses, responding by "trial and 
error" until one "chance success" actuates the release mechanism. 
With successive trials, there is a decrease in time which may be 
plotted as a “learning curve.” Guided by the concept of association, 
Thorndike formulated a point of view called connectionism, an 
he was able to list a series of laws relating the stimuli to the re- 
sponses in such situations. (For a concise statement of Thorndike’s 
learning theory, see Sandiford, 1942.) Although these laws have 
undergone many amendments since, Thorndike, like Pavlov and 
Ebbinghaus, set the pattern for many who were to follow him by 
the elegance of his method. 

One may take note at this point of an interesting distinction be- 
tween the method of Pavlov and that of Thorndike. Thorndike 
placed the animal in a problem situation, left it free to respond in 
many ways, and observed the gradual narrowing of the animal's ac- 
tual responses in this situation during trial after trial. Pavlov ob- 
served a very specific effector response, one which could barely 
be described as an aspect of “behaving,” and he found it methodo- 
logically useful to exclude so far as possible every opportunity = 
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other ways of responding and every stimulus which might induce 
another response. In both cases, the same approximate law, a kind 
of “connectionism,” soon emerged. But the treatment of exceptions 
to that law was different, and was determined to a great extent by 
the experimental method. For Thorndike, and for many of those 
who were to follow his lead, the exceptions were to be regarded 
as simple consequences of the impossibility of establishing complete 
control over the stimuli, Because absolute control of stimulation 
is impossible, one cannot realistically aspire to more than approxi- 
mate control of behavior. This need not stop one from spinning a 
theoretical picture of ideal learning, based on the general trends 
which are observable. 

For Pavlov, on the other hand, the exceptions were not to be 
Written off as mere chance events. There has been an ideological 
basket to hold them, and that basket was inhibition. Now that we 

Ow the nature of synaptic inhibition, we can recognize how far 
Wide of the mark Pavlov was in some of his speculations. However, 
if the nature of synaptic inhibition had gone undiscovered, the 

€monstration of its importance for behavior would have been no 
ess conclusive, and the concept of inhibition, as expressed by Pav- 
lov, was a proper semantic basket for carrying the import of this 
Process, American psychologists, accustomed to a very different pro- 
cedure, might reject his conclusions on the grounds that they were 
Sometimes based on the observation of only one or two animals. 
“rom their point of view, any specific instance of behavior might 
Just as well be an exception to the law as an expression of it. But 

avlov was expressing what Lewin (1935) was to call the Galilean 
Method in science: the insistence that every individual case is fully 
ound by law, and every individual case is fully explicable if the 


aws that govern it are understood. 

: In Thorndike's writings, the concep 
Side with that of connectionism, and le 
Teached its dominant position in American psychology without the 


evelopment of an anti-instinct environmentalist movement, under 


the dynamic leadership of John B. Watson. In his hands, Behavior- 


ism grew into not only a school of psychology, but a philosophy of 
Wemendous scope which might be understood by all who mastered 
the requisite habits. It offered a program not only for the investi- 


t of instinct survived side by 
arning theory would not have 
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gation of what were “hitherto” called, as Watson (1924) scornfully 
remarks, “the mental and moral” fields, but also for the application 
of the knowledge thus gained to the presumed betterment of so- 
ciety: toward creating a generation of children raised in “be- 
havioristic freedom,” unencumbered by irrational affectional attach- 
ments to their parents. 

Watson recognized the possibility for development of psychology 
as a molar discipline, while still retaining the firm base of known 
physiological facts. Although not acquainted with the work of 
Bykov and others in Pavlov's sphere, he stated with assurance: “No 
secure evidence is on hand to show that these [ductless] glands can 
be conditioned. . . . I for one am convinced that these can be and 
always are conditioned" (Watson, 1924). And although Boring 
(1950) calls Watson's behaviorism an expression of the Zeitgeist of 
his time, there can be no doubt that its principles still have strong 
appeal, and many young students of psychology implicitly translate 
other stimulus-response psychologies into a Watsonian version, 
glossing over the sophistications added by subtler thinkers. As 
Freud seems the master of the hidden subterranean passages, SO 
Watson is the master of the direct and commonsense “open-air” ap- 
proach, in which every form of indirection is classified as unpardon- 
able mysticism. 

Watson’s thoroughgoing environmentalism dismissed the concept 
of instinct as unfounded, drastically reduced the number of stimu- 
lus-response connections which were acknowledged as unlearned, 
and thus turned the whole process of behavioral plasticity into one 
of “learning,” or more specifically the strengthening of stimulus- 
response connections by exercise. With this magic formula, he 
undertook to “build (granting that both internal and external en- 
vironment can be controlled) any infant along any specified line— 
into rich man, poor man, beggar man, thief,” 

For Watson, as for Socrates in the Dialogue of Meno, the ques- 
tion is stated in an absolute disjunction: each bit of behavior is 
either innate or learned. In a purely formal sense the result is simi- 
lar, although now the choice inevitably falls on the opposite alterna- 
tive: what the boy cannot do before his exposure to the program 
of stimuli, but can do after, must under the new set of assumptions 
clearly be classified as “learned.” The maze, the puzzle-box, and the 
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conditioning stand have been extrapolated into all of the environ- 
ment of the organism. The generalizations which suffice to describe 
behavioral shifts in those situations are assumed to be principles 
adequate for the explanation of all changes in behavior, and he who 
controls the sequence of stimuli in these situations, potentially 
controls all the behavior of the organism. When control lapses, it is 
only because some stimulus has been overlooked. What else, if all 
behavior consists of a few “embryological responses" which can be 
discerned in the neonate, plus the effects of learning? 

The comfortable self-assurance of this viewpoint was shaken by 
the emergence of Gestalt psychology. Kohler, in The Mentality of , 
Apes (1925), challenged the validity of behavioral analyses based on 
the maze and the puzzle-box, by pointing out that the very pro- 
cedures forced the animal to behave in an unintelligent, trial-and- 
error fashion. He proposed that the animal's perception of the situ- 
ation, not its response to the situation, was crucial. How does it 
Originally perceive the situation, and what restructuring does the 
Situation permit? If we wish to get a true picture of the capabilities 
of the organism, we may block its responses, but we must not block 
its view of all the elements which influence the outcome. Kóhler 
explained perceptual restructuring in terms of a redistribution of 
tensions in the “psychological field,” making use of the hypothesis 
of isomorphism between cortical and psychological events which 
had already been suggested by Max Wertheimer (1912). Wertheimer, 
in turn, subsequently used this approach in his book Productive 
Thinking (1945), where he made a phenomenological analysis of 
problem solving on the very highest levels. (In a previous chapter, 
it has been suggested that the concept of inhibition offers a better 
approach to the problem of perceptual restructuring than the un- 
tenable hypothesis of electrophysiological cortical fields.) 

This approach did not fail to exert great influence on many 
American psychologists, and notably on Lashley, an indefatigable 
investigator who never brushed real difficulties aside. However, 
Most students of learning were unimpressed, and insisted that the so- 
called sudden learnings could be translated into early learnings 
which had taken place during the animal's uncontrolled experience. 
Clinging still to the sharp distinction between the “learned” and the 
“unlearned,” they looked upon Köhler as an apologist for an ex- 


256 Choice: The Central Problem of Psychology 


treme nativism. Adams (1931) attempted to state the problem of 
learning in field-theoretical terms, and in so doing he made an im- 
portant distinction between learning and economy of performance. 
He wrote: “Economy on repetition is the most convenient and 
accessible and perhaps also the least unreliable sign of learning. 
However, it is merely an indicant of learning, and must not be mis- 
taken to represent the substance. Adams also made another dis- 
tinction which is useful to us, between learning and retentivity. AL 
though all behavioral events result in some unknown physiological 
or biochemical changes in the organism, which must have some 
consequent effects on future behavior, these changes should not 
therefore be called "learning." Retentivity is a property of tissue 
on all levels of activity. Adams states that “there is no causal re- 
lationship between ‘repetition’ and learning. . . . Learning occurs 
without repetition and repetition occurs without learning." We 
suspect that these useful distinctions were overlooked because they 
were presented as part of Adams' effort to explain learning in terms 
of his field-theoretical position. Subsequently, some of his method- 
ological contributions have been credited to other workers. . 
Ultimately, Gestalt psychology and field theory become domesti- 
cated in America. The one came to dominate the study of thinking 
and perception, and the other the field of social psychology. But the 
problem of learning continued to be the principal focus for the 
theoretical and experimental efforts of American psychologists, an 
in this field the concept of conditioning, though stated in a variety © 
ways, remained dominant. We shall consider particularly how two 
of those theories, those of Guthrie and Hull, dealt with the factor 
of inhibition, directly or indirectly. . 
Edwin Guthrie was for decades, from the heyday of Watsonian 
behaviorism until his recent death in 1959, the outstanding pro- 
ponent of a consistent contiguity theory. A perennial target of con- 
troversy, his point of view still challenges all students of learning: 
and now provides the starting point for the new statistical ap- 
proach by Estes (1950) and his collaborators. One of the strengths 
of his position is the fact that it translates readily into practical 
maxims for shaping behavior. On this level, few have displayed 
greater wisdom than he. There is no sounder advice for teachers 
than the simple statement: “We learn only what we do,” or, more 
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explicitly, “Whether a teacher is occupied with imparting knowl- 
edge or in correcting undesirable behavior, the problem is always 
to bring about by one means or another the behavior desired in the 
Presence of the situation that should in the future be associated 
with that behavior” (Guthrie, 1942). The underlying theoretical 
Principle is that “a stimulus pattern that is acting at the time of a re- 
Sponse will, if it recurs, tend to produce that response.” So much is 
taken from Pavlov, but Guthrie refuses to follow Pavlov into be- 
lieving that any more than this is needed to explain all the plasticity 
of human behavior, With extraordinary resourcefulness, he applies 
this single principle to such varied problems as those of motivation, 
the acquisition of skills, and verbal habits. 

Essential to Guthrie’s argument is the fact that he applies this 
Principle to movements and not to acts. Acts are the results of move- 
ments. If we describe the behavior of an organism in terms of what 
it is accomplishing, we may lose sight of the movements, the actual 
Components of behavior; and then we may overlook the fact that 
learning is not a matter of repetition, but, according to Guthrie, al- 
Ways takes place in a single performance of the movement. Skills, 
Which require that we perform different movements under differ- 
ent circumstances, or the same movements under different circum- 
Stances, require much learning, but each bit of learning is com- 
Plete in itself, 

The importance of proximal analysis is so great for Guthrie, that 
We must at this point break off our discussion of his theory to re- 
call Brunswik’s distinction between proximal and distal reference. 
Tolman and Brunswik (1935), arguing from a cognitive rather than 
à stimulus-response point of view, were among the first to point to 
the advantages of describing behavior in terms of a probability 
Model rather than in terms of one-to-one stimulus-response relation- 
ships. In developing this argument, they distinguished between 
Proximal and distal reference to environmental events, on both the 
Stimulus and the response sides. On the stimulus side, a proximal 
description deals with receptor activities; whenever we talk about 
an object as a stimulus, we are using a distal-type description. On 
the response side, a proximal description is in terms of effector ac- 
tivities, but an act—or in their terms, an achievement—is the distal 
Tesultant of many proximal responses. The distal description lacks 
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the detail of the proximal description, but even a very complete 
proximal description cannot replace the distal description com- 
pletely, because no cross-sectional instantaneous “super-photo- 
graph” of the proximal stimulus pattern can provide the meaning 
of the object, which depends in part on the central organization of 
the organism, including the storage of past experience. As to the 
movements, they also become stimuli in any stimulus-response ac- 
count, and their movement-character does not exhaust their stimu- 
lus-value. 

There is surely an element of irreality which accompanies the 
extreme theoretical parsimony of any attempt to deal with behavior 
wholly in proximal terms. The task is clearly impossible, but this 
practical impasse provides at the same time an ideological escape, 
since it becomes possible to claim that if all the parts of this puzzle 
could be laid out in view, then it would be possible to assemble 
them into the complete picture of behavior. It is difficult, indeed, 
to demonstrate the theoretical inadequacy of such a system, which 
cannot be put to a conclusive test. However, it is not our task to 
show that Guthrie’s system contains any fallacy, but only to show 
how, within this ultraparsimonious system, he accommodates the 
fact of behavioral inhibition. 

Guthrie returns in effect to the position taken long before 
by Münsterberg, that inhibition can have no meaning except the 
incompatibility of movements. “Associative inhibition” takes place 
because the stimuli which had formerly called forth one response 
are now associated with another. That they seem to inhibit the 
first response is simply the consequence of the fact that performing 
the second makes performing the first impossible. This inhibitory 
effect is a very important aspect of behavioral change, but no 17 
hibitory process need be assumed to explain it. It is simply the 
negative effect of having attached a new response to the old cue; 
and as such it is an inevitable aspect of all learning. Pavlov (1932) 
specifically rebukes Guthrie for his failure to accept inhibition as 
a physiological datum. 

At this point, Guthrie (1942) again shows his extraordinary ability 
to turn abstract principles into concrete guidance. To destroy a? 
undesirable association, one may (1) present the cue along with 
other stimuli which will produce an incompatible response, OI (2) 
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Present the cue until the response is fatigued, and beyond, or (3) 
Present the cue at subthreshold strength, and gradually increase it, 
SO that "the individual becomes habituated to doing something else 
in the presence of the stimulus." We shall see later how Wolpe in- 
Corporated these procedures into a therapeutic setting. 

A weakness in Guthrie’s position is the fact that, consistently 
applied, it must mean that very slight responses, involving only mini- 
mal movements, often have the power to prevent the occurrence 
of other responses which would involve the expenditure of a great 
deal of energy. Indeed, one may well wonder how the organism 
ever succeeds in getting a moment of quiet rest, if the inhibition 
of one response must depend always on its doing something else, 
It is this difficulty, perhaps, which brings Guthrie finally (1959) to 
emphasize the importance of attention. He writes: “It is possible 
that the linguistic solution is to recognize that responses of atten- 
tion form a special category of responses. These are subject to a 
System of change (continuous ranging or scanning) that is relatively 
independent of movement routines of other systems.” It is “a varie- 
gated class of response which have in common only the fact that 
they involve movements of orientation, changes of posture, the in- 
hibition of movements that interfere with orientation of sense or- 
gans, and minimize distraction." 

With this definition of attention, it seems as if Guthrie may have 
retrogressed from Münsterberg to Ribot! In doing so, he has found a 
Dew and more economical way of achieving inhibitory effects. For 
attention “intervenes in the causal chain between stimulus and re- 
Sponse,” even to the extent of removing the stimulus which origi- 
nally called forth a given response pattern, or by disrupting a move- 
ment pattern, as in the case when “if attention is diverted from the 
Script to the moving fingers, writing becomes difficult or impossible. 

By this emphasis on attention, the possibility of an adequate 
Proximal account of either stimulation or response becomes even 
more remote than before. This difficulty renders the concept of pure 
Contiguity learning virtually immune from experimental test. That 
Variability of response which was, for Pavlov, an important charac- 
teristic of conditional responses and an indicator of the inhibitory 
Process, is safely ascribed to our lack of control over the minutiae 
of environmental stimulation. Guthrie has, with elegant parsimony, 
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attained on paper a complete control over the responses of the 
organism, but it may never be possible to exercise this absolute 
control even in an experimental situation—not under the conditions 
of Pavlov's method, he writes, where “physical stimuli extended 
over long periods during which changes in attention were inevi- 
table”; nor under the conditions of maze learning, where posture and 
movement as well as attention are uncontrolled; but only in some 
unknown situation in which “we take precautions to have the sub- 
ject in the same posture or movement and to ensure attention at 
the proper moment.” 

Who shall say whether the effect of this drastic situational ues 
straint, in which the senses as well as the body are held in a kind 
of experimental harness, is only to exclude the effects of chance, 
or to cut away, as it were, all the parts of the organism which might 
function in ways unforeseen in the system? 


Because Guthrie's system makes a virtue of simplicity, one feels 
no need to apologize for a synoptic statement. In the case of Hull, 
the situation is very different, and one feels the danger that any 
attempt at simplification may turn into a caricature. In his post 
humous work, A Behavior System (1952), Hull wrote: "To arrive at 
a genuine understanding of behavior is a personal achievement 1°- 
quiring a lifetime.” To this achievement he devoted himself untir- 
ingly and with unusual success. The years that Guthrie spent i? 
sparkling variations on a theme, Hull devoted to painstaking 1°- 
vision and amendment, until at the end he offered “a” system, 1? 
place of the Principles of Behavior (1943) which had been enum 
ciated about ten years earlier. His method, a fertile combination a 
mathematical and empirical procedures, marks him as an origi 
nal thinker of the first rank. Hull’s system of behavior, which 15 
much more than a theory of learning, has probably exerted greater 
influence than any other on a whole generation of psychologic 
researchers and thinkers. It is with trepidation that one undertakes 
to state a few essentials of this system in brief, to provide the con 
text for our discussion. 

These essentials, the bare skeleton of only a part of the syste™ 
may be stated as follows. 


1. At birth the organism possesses certain receptor-effector co” 
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nections which are unlearned. This class of connections is sym- 
bolized sUp. They serve the general purposes of adaptation for the 
Species and the individual. 

2. The system sUp is activated under the joint effects of stimu- 
lation, S, and conditions leading to a need state or drive, D. The 
responses of the system sUz are likely to result in the reduction of 
this drive state. 

3. If, in the presence of D and S, a response (R) is emitted which 
reduces the need, then there is an increased tendency for S to elicit 
R on its next presentation. This reduction of need is the definition 
Of reinforcement. (A more exact statement would refer to the 
neural traces of S and R, rather than to the events.) 

4. The combined occurrence of S, D, and R leads to an increased 
tendency for the occurrence of R. This increased tendency, with 
Other variables held constant, is measured by habit-strength. The 
Symbol for habit-strength is sH s, but for our purposes, we may ab- 


breviate this to H. 

5. Habit-strength is a function of the number of reinforcements, 
or drive reductions, and it increases as a continuous growth process 
up to a physiological limit for the particular organism. 

Let us stop for a moment to consider this abbreviated model of 
Hulls theory. There are two connecting or affector-effector systems, 
sUr and sHp. Both are activated by D, in the presence of S. Thus, 
there is a starting system of needs, which puts the organism into 
action, and a system of stimulus-guided response tendencies, or 
habit-strengths, which tend to satisfy the needs. The behavioral act 
isa consequence of needs and habit-strengths, as well as unlearned 
Iesponse tendencies, interacting. This leads to the next principle, 
Which is a guess that requires empirical validation. 

6. The reaction potential (or excitatory potential) of an act is a 
multiplicative function of needs and habit-strength. That is, E — f 


(D x H). 

Even in this grossly simplifie 
tial variables are still missing, one can see why Hull's theory is ap- 
Propriately called a behavior system. Response is always a joint 
function of several variables. The system can readily grow to ac- 
commodate more variables, as in fact it has. For example, if D and 


H are both held constant, the reaction potential varies with the mag- 


d account, from which many essen- 
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nitude of the incentive or reward, K. It varies also with the stimulus- 
intensity dynamism, V, and with delay in reinforcement, J. All of 
these variables enter into a common multiplicative relationship, that 
is, E = f (D X H x K x V x J). However, we are interested in 
three variables whose effects, as Hull sees them, will not be felt 
inside this parenthesis, but will detract from the magnitude of the 
reaction potential. These variables are: reactive inhibition, Ir, con- 
ditioned inhibition, «17, and oscillation, sOp. è 
At this point, it is of some interest to note that Hull (1929) at firs 
was greatly influenced by Pavlov's (1927) views on inhibition, an 
at that time he described the process of conditioning as consisting 
of an initial excitatory phase followed by a subsequent inhibitory 
phase. In the development of Hull's theory, he moved more a 
more away from physiological reference toward purely formal pyr 
titative relationships. This progress toward abstraction is discerni 
in connection with each of the variables we are about to discuss. 
The need for reactive inhibition arises from the fact that just 2: 
habit-strength increases with the number of reinforcements, F 
seems to decrease with the number of nonreinforced ing rae 
the process of extinction. But this appearance is deceptive, on "s 
phenomenon of spontaneous recovery from extinction reveale d 
Hull, as it did to Pavlov, that something quite different from a A 
cay of habit-strength is taking place, and that it is necessary E: al 
sume the operation of an active force of opposite tendency. a 
(1952) defines it in these words: *Whenever a reaction (R) is evo E 
from an organism there is left an increment of primary Hagae 
drive (Ip) which inhibits to a degree according to its magnitu 
the reaction potential (sE r) to that response." ji 
It is important to note that reactive inhibition is not defined as j 
consequence of unreinforced repetition of a response, but as à oed 
sequence of each repetition. Where there is reinforcement, the "d 
active inhibition is masked by the stronger positive effect; in t 
absence of the latter, the former becomes apparent. d 
Another point of importance is that reactive inhibition is define 
as a negative drive state, perhaps in analogy to fatigue. One con 
sequence of this is that, like drive, reactive inhibition dissipate 
when the conditions producing it are no longer present. That is Sa 
a reaction potential may be reduced below the response thresho. 
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and yet return—while other factors of drive, stimulation, etc., are 
held constant—to above threshold value, in the phenomenon of spon- 
taneous recovery. Long-range extinction must therefore be ex- 
plained in some other manner. 

This brings us to the phenomenon of conditioned inhibition. Since 
reactive inhibition is a drive, the event of its dissipating constitutes 
a drive reduction, and hence it will tend to reinforce the associa- 
tion between any stimuli and responses which are active during this 
period. The response which is reinforced, according to Hull, is the 
Cessation of the very response which had given rise to the reactive 
inhibition. Thus, in the absence of any positive reinforcement for the 
act itself, a conditioned inhibition develops, by which stimuli as- 
sociated with performance of the response come to inhibit it. 

In Hull’s 1943 system, conditioned inhibition has the status of a 
Separate postulate, which we quote in part: “Stimuli (S) closely as- 
sociated with the cessation of a response (R) (a) become conditioned 
to the inhibition (Ip) associated with the evocation of that response, 
thereby generating conditioned inhibition; (b) conditioned inhibi- 
tions summate physiologically with reactive inhibition. . . ." 

Accordingly, reactive inhibition and conditioned inhibition both 
tend to diminish the magnitude of the reaction potential, leading 
to an effective reaction potential, E, of reduced size. Thus, E — E 
— (In + slp). The value of E, it will be recalled, is a multiplicative 
function of D, H, K, V, and J. From this product function, the in- 
hibitory potentials are simply subtracted, to arrive at the effective 
reaction potential. 

In 1952, conditioned inhibition is defined by Hull in a corollary 
to the postulate defining reactive inhibition, as one of its effects. 
This corollary reads: “Stimuli and stimulus traces closely associated 
With the cessation of a given activity, and in the presence of con- 
siderable Ip from that response, become conditioned to this par- 
ticular non-activity yielding conditioned inhibition (sIr) which will 
Oppose s4E,'s involving that response, the amount of sIr generated 
being an increasing function of the amount of Ip present.” 

Comparing the 1943 and 1952 statements, one sees that the situa- 
tional generality of reactive inhibition has been reduced, and as a 
result the importance of conditioned inhibition also has declined. 
The changes appear to be directly due to a difficulty which arose 
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in quantification of the “inhibitory aggregate" (Ip + sIr). This in- 
hibitory aggregate is made to depend both on the number of massed 
trials, and on the amount of work involved in “operating the manipu- 
landa." However, the formidable difficulties which Hull meets in 
the reappraisals of inhibition, which lead to what Koch (1954) calls 
"localisms" of theory language, also express the inevitable embarrass- 
ment of any attempt to deal with inhibition as an aspect of a re- 
sponse-generating mechanism. Rs 

A number of authors have criticized Hull's treatment of inhibi- 
tion as inconsistent. Hilgard (1956) suggests that since Ip is COD 
sidered to be a drive state, it should logically subtract from = 
Similarly slp, since it is a kind of habit-strength, should combine 
with Ir multiplicatively, and not by addition. H. G. Jones (1958) 
offers an extensive reformulation of the status of inhibition in Hull's 
system, which leads to this new equation: 


sEr = f [(D — Ip) x (sHr — sln)]. 


This equation includes a drive term, in which drive has been T 
duced by reactive inhihition, and a habit term, in which habit- 
strength is reduced by conditioned inhibition. Developing H 
mathematical implications of this formula, Jones points out tha 
under certain rare conditions, if both the drive state and the habit- 
strength were negative, the effect of the inhibitions would be to 
produce a positive reaction potential, and he says that this may 
furnish a theoretical explanation of such phenomena as the ultra- 
paradoxicaľ phase of inhibition observed by Pavlov.” M 
A more fundamental reformulation of Hull's treatment of inhibi 
tion is offered by Spence (1956, 1958). In his account, differen 
formulas are used to compute the reaction potentials under classic? 
conditioning and under instrumental conditioning. The princip? 
difference is that under instrumental conditioning the inhibitory 
potential, I, is a quantitative construct which not only serves as an 
indicant of the effects of extinction trials, but also serves to summate 
the effects of incompatible responses which have been acquired 0” 
the basis of contiguity. Spence (1958) explains this concept 95 
follows: “While the basis of this inhibition is assumed to be Cony 
peting, frustration-aroused responses that are established during 
extinction, the molar intervening variable, I, has been introduce 
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to represent their quantitative effects.” Spence's approach is tied 
very closely to particular situations, and although he loses some of 
the generality of Hull's account, he does so with the deepest knowl- 
edge of the strengths and limitations of Hull's position. 

In a very recent review of most of the major revisions of Hull's 
constructs of inhibition, Jensen (1961) concludes that none of these 
revisions, with the possible exception of Spence’s, can be considered 
as offering any real advantage in dealing with the empirical ma- 
terials, He adds: “Advances will be made, not by the mere algebraic 
manipulation of Hull's intervening variables, . . . but by the postu- 
lation and quantification of new intervening variables, along with 
the experimental investigations of their interactions.” 

In Hulls system, a third contender as a source of inhibition is his 
concept of behavioral oscillation. In the 1943 set of postulates, a 
Probability conception of behavior enters Hulls system in these 
terms: “Variability, inconsistency, and specific unpredictability of 
behavior have long been recognized as the chief molar distinctions 
between organisms and inorganic machines. Clearly a characteristic 
so fundamental as this must find an important place in any adequate 
theory of organismic behavior.” This consideration leads him to the 
following postulate: 

“Associated with every reaction potential (sEz) there exists an 
inhibitory potential (sOr) which oscillates in amount from instant 
to instant according to the normal ‘law’ of chance. . . .” This 
quantity also leads to a reduction of the reaction potential which, 
thus reduced, becomes the “momentary effective reaction potential,” 
E. This is the strength of the tendency to perform a given act at a 
given time. It is the resultant of many interactive constructs, of 
which at least three may be considered inhibitory. Stimulus inter- 
action, which we have not included, may also be regarded as 


exercising an inhibitory or reductive effect on the reaction potential. 

In A Behavior System, Hull's posthumous work (1952), the con- 
Cept of behavioral oscillation plays an important role in the develop- 
ment of a number of behavioral patterns. Besides serving as the 
principle which underlies response alternation and response general- 


ization, it also helps to account for conflict, multidirectional maze 
learning, partial recovery from early extinction effects, variable path- 
Selection in multiple-unit mazes, and valuative behavior. On this 
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last point, Hull comments: “Behavioral inconsistency in evaluative 
behavior choices of both human and lower animals is believed . . - 
to be a function of the spontaneous oscillation of the reaction 
potential. . . .” Therefore we can only expect consistent behavior 
when reaction potentials are vastly different in value, or when we 
pool the data taken from many subjects. This qualification points to 
an important development: that in Hull's final work there is less 
willingness to deal with inhibition as a "Jawful" element in be- 
havioral control, and a disposition to expand the influence of chance 
factors which make control unattainable, This outcome is to a great 
extent a result of the methods of quantification of such constructs as 
habit-strength, reaction potential, inhibitory potential, and "chance 
oscillation. 

This discussion of Hull's contribution has been all too brief. Even 
if the grand scheme of his postulate system is to be rejected in full, 
his many brilliant papers and secondary formulations will continue 
to illuminate our work, 

Skinner (1938, 1950) has avoided some of the difficulties of other 
students of learning by confining himself to a “descriptive Þe- 
haviorism,” in which he carefully refrains from the introduction © 
hypothetical constructs. He takes a position like that of Kantor 
(1947), that attempts at physiologizing have brought only difficulties 
to psychology, and therefore he writes a psychology which, it 
has sometimes been said, is “about, yet without” the organism. 
is impossible to quarrel with his right to do this, but one may well 
question whether this refusal to consider explanations for behavioral 
events, and to construct theories which relate them among them- 
selves and to the data of other sciences, does not also constitute 2? 
abdication of some of the possibilities of behavioral science. A^ 
though psychology has been led astray, more than once, by errors 
in neurological theory, it has also been helped by insights derived 
from that source, and it has had insights to give in exchange. At 
the present time, interdisciplinary research of neurologists and psy“ 
chologists makes excellent use of the very methods which Skinner 
himself devised. Some of these studies will be cited in later chapters: 

Errors and half-truths are inevitable hazards in the prosecution 
of science, and it would be foolish to suppose that psychology wil 
never again be "misled" by neurology. Yet most psychologists W: 
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probably agree that on balance, from Gall to the present, psychology 
has gained more than lost, and neurology has gained more than 
lost, in the exchange of ideas. Perhaps the errors are those to which 
Psychologists were predisposed by other factors. If we are to have 
theory construction at all-and few psychologists can exercise a full 
measure of Skinnerian control over this aspect of their own behavior 
—it is good that theories should be checked by the need to agree 
With the data of other sciences. 

Wolpe (1958) comes to learning theory with the interests of a 
Psychiatrist, and hence he is more intensely interested in what is 
often called *unlearning"—the extinction of undesirable ways of 
tesponding—than in the positive phases of learning. The therapeutic 
technique which he advocates, and which he calls reciprocal inhibi- 
tion, is a direct application of Guthrie’s prescription: to eliminate an 
undesirable association, present the cue under circumstances which 
evoke another response. However, he is not satisfied with Guthrie's 
explanation of the effectiveness of this procedure, as resulting from 
Competition between reactions, nor with a Hullian explanation, in 
terms of reactive and conditional inhibitions. Indeed, he asks why, 
if conditioned inhibition is the consequence of a drive reduction, 
Would it not follow that even on reinforced trials it would be the 
response cessation, which is closest in time to the reinforcement, 
that would be conditioned, rather than the response initiation? 

Wolpe makes reference to neurological demonstrations of central 
Synaptic inhibition on the spinal level, properly assumes that the 
Same phenomenon exists on the cortical level, and looks to it for an 
understanding of conditioned inhibition. He says that just as “posi- 
tive learning seems to depend upon certain neural chains becoming 
increasingly conductive,” so conditioned inhibition may be assumed 
to result from “decreased conductivity of these neural chains.” He 
Offers a neurophysiological hypothesis to show how this may come 
about. It rests on the assumption that a "fatigue-associated sub- 
stance” stimulates inhibitory neurons, and that inhibitory impulses 
produce modifying effects at synapses which have recently been 
active in response-evocation. This effort to relate neurophysiological 
inhibition to behavioral inhibition is à refreshing departure from the 
too common tendency to disregard inhibition or to depreciate its 
importance. However, the role of inhibition in behavior generally, 
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and in the plasticity of behavior most especially, goes far beyond 
the part that it plays in producing response decrements, and there- 
fore Wolpe's hypothesis must be regarded as concerned only with 
some of the special effects of inhibition, and not with its wider role. 
Even within its limited field of reference, it seems to us to rest upon 
too narrow a conception of inhibition, since it makes no reference to 
the local inhibitory potentials which appear everywhere in the 
nervous system as dampeners of excitation, Would not this provide 
a better base for a hypothetical explanation of extinction than a 
wholly speculative “fatigue-associated substance” released by so- 
matic effectors? 

Finally, we wish to comment briefly on the treatment of inhibition 
in Razran's theory of learning. From time to time, Razran p 
earned the gratitude of psychologists by his informative reviews 0 
the Russian experimental literature, and he has made notable ex- 
perimental contributions of his own, particularly with respect to the 
problem of semantic conditioning. His evolutionary theory of con- 
ditioning defines three distinctive levels, man alone being capable 
of all three. Most of the details of this interesting but difficult theory 
are not essential for our purpose. Our interest relates to two points: 
his theory of extinction, and his adaptation of Ukhtomsky's principle 
of dominance. 

We consider first his concept of dominance. Although Razran 
stresses the importance of empirical foundations for theory, and he 
speaks a good deal of "neural events," he seems to have made no 
effort to relate his theoretical constructs to the data of contemporary 
neurophysiologica] research. In view of his position that “whatever 
extra constructs the behaviora] psychology of learning may need, 
they must be grounded in and modelled after neural action rather 
than merely fashioned in the form of abstract logical relations, 
(Razran, 1957), it is disappointing that he should still talk in terms 
of a hypothetical] “neural dominance,” and even more specifically to 
hypothesize that classical conditioning can only take place when 
there is "minimal dominance,” that is, when the US-initiated neural 


ficiency rises with the ratio of these strengths up to a level of 
“optimal dominance,” and that it declines thereafter, due to a re- 
lation of “overdominance,” Wolman (1960), citing a more recent un- 
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published manuscript of Razran’s which apparently deals with these 
matters in greater detail, says that Razran describes dominance as 
a principle of sheer ‘force. " 

» In his theory of extinction, Razran posits a two-phase sequence: 
automatic deconditioning" followed by "counter conditioning." The 
first phase “is a direct result of the loss of the interoceptive and 
Proprioceptive conditional stimuli (feedback CS's) which . . . when 
the unconditional stimulus is withheld and the evoked reaction is 
reduced cease to be present." In other words, the response has lost 
Some of its force, due to the diminution and disappearance of a 
positive feedback which was needed to nourish it; and this permits 
Other neural processes, those involved in the counter conditioning, 
to become dominant. 

Razran’s emphasis on empiricism and on “neural events” places 
him under obligations which he does not meet. His rejection years 
ago of the Pavlov concept of internal inhibition, as a process which 

irradiates and concentrates,” was made on quite reasonable grounds, 

but the same sort of reasons do not apply to modern electrophysio- 
logical demonstrations of central inhibitory processes. Once one 
grants the existence of these “neural events,” any physiologically 
Oriented theory of behavior which does not include them is an 
anachronism. If, as Razran (1957) says, “anything that is neurally 
Tepresented may become a conditioning datum,” then he will have 
to make room in his theory for the hard fact of inhibition. 

And that, after all, is a demand which is now placed on every 


theory of learning. 
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It is the task of this chapter to su 
Construct of inhibition in dealing 


T constructs: reactivity, sensitivity, and 
tetentivity. We assume that each of these 


tion, valid at the molecular ] 
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during critical periods of growth; Berlyne (1960) demonstrates 
change in behavior due to expanding situations said to involve 
novelty of stimulus situations”; Bruner (1956) and his associates 
have demonstrated long-range strategies or models of thinking 
which are employed by organisms in the development of decisions. 
_ However, the principles developed out of any one of these 
situations are not likely to be generally valid in all the others. The 
attempt to form a unified theory based on a single approach is 
likely to result in a sense of parsimony of effort rather than in a 
parsimony of theory. Plastic changes take place in organisms with 
cerebral hemispheres or without them; alpha blocks are not the 
invariant measures of behavioral arousal; the old divisions between 
voluntary and involuntary, autonomic and somatic, are repeatedly 
being questioned; homeostasis no longer seems a universal key to 
behavior, These examples show us that a generalization which 
arises out of one paradigm rarely seems applicable, save in the view 
of its inventor, to all others. We wish to avoid the pitfall of a 
narrow specification, and speak, so far as possible, in terms which 


are applicable to behavior generally. 

The problem of accounting for plastic changes in behavior, which 
result from experiences of the organism, is perhaps the most difficult 
Which confronts any theory of behavior. We have taken the position 
that wherever choice exists, inhibition must be present. Further- 
more, the variability out of which choice appears is not based solely 
upon evolutionary developments with respect to sensitivity and re- 
activity to external and internal stimulation. The mammaľ’s vari- 
ability is largely determined by its capacity to achieve independence 
from proximal sources of external stimulation, and even to replace 
Or supplement compelling forms of internal stimulation with other 
kinds of internal guidance. Inhibition is an integral link in this more 
flexible coupling of the organism with its surround, on the one 
hand, and with its internal milieu, on the other. Inhibition is thus 
responsible for creating the very possibility of what we term “ac- 
quired” behavior, and those aspects of behavior which have been 


called “learning,” os 
However, any consideration of the role of inhibition in p asticity 
requires that we consider it in relation to the other posu we 
ave mentioned. If one abstracts out of many situations those 
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properties of organisms which lead to plastic epic E: turn 
indispensable constructs emerge: reactivity, sensitivity, 
and inhibition. We shall consider them in order. R 

The most obvious manifestation of reactivity is, of a € 
genic action. Muscles demonstrate isolated proximal € E 3 
they have neural connections. Herrick (1956) says that mo r S 
“the cradle of the mind. . . . The body acts before it por 
Autogenic motility, however, does not provide integrated pes 
Elements of sensitivity must appear to permit its more complex “i 
pressions, which include generalized intraorganismic patterns, su : 
as the tonic cycles emphasized by Sherrington, Coghill, pe pe 
and others, Against this background of tonicity, relatively rap! : 
phasic changes occur as in reflex adjustments or proximal wwe 
At a still higher level, proximal actions are organized into the in si 
substitutable patterns which Brunswik called "achievements he 
“distal effects.” The definition of reactivity is in itself a comp ee 
problem, calling for morphological, temporal, and situational spec 
fications. - 

In many cases it is possible to Separate reactivity and wr y 
only in the analytic sense, Thus, Granit (1955) points out that ; x 
“simple” stretch reflex of Liddell and Sherrington (1925) —— 
four components, including an inhibitory influence from the Go & 
on interoceptive conditioning, 
g glandular secretions, such as pel 
in conditioning procedures. Skinner E 
Se rates may be chained so as to set i 
1 In short, reactivity itself is a determiner 0) 
mic experience, Solley and Murphy (196 
on to simple sensory registration, experience 
sitizations and sensory differentiations. m 

cannot consider as one independent o 

retentivity and inhibition, 

The forms of Sensitivity are so far from obvious that we often 
require Cross-situational comparisons in order to establish their 
effects. Thus, the diff 


erential reaction patterns of bees demonstrate 
that they have been receptive to i 
other members of the col 


served as the “stimuli” 
has shown that respon 
occasion for other rates, 
sources of intraorganis: 
point out that in additi 


nformation socially transmitted by 


ony. As another example, it has recently 
1 See Ferster and Skinner (1957) for excellent development of this concept 
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been learned that moths probably possess an ultrasonic detector 
mechanism which allows them a somewhat better chance to escape 
their better-equipped predator, the visuo-sonar guided bat. The 
Capacities of porpoises to transmit social information, and to utilize 
self-produced patterns of sonic feedback, are being intensively in- 
vestigated. Whether, in a given instance of behavior, we focus our 
attention on the elements of reactivity or sensitivity which enter into 
its composition, depends to a great extent on the nature of the 
changes which we detect in the organism as a function of its de- 
velopmental level or its history. 

In the molar sense, the functional correlates of sensitivity are 
usually translated into extra- or intraorganismic dimensions speci- 
fiable as stimuli. Stimuli, however, may be defined in physical terms 
independently of the organsm. In the same way, reactivity may be 
translated into responses, such as a left turn or a bar press. Thus 
the molecular processes of sensitivity and reactivity provide the 
basis for the molar events which enter into a stimulus-response 

escription of behavior. In such an account, both processes are 
viewed as wholly excitatory. The addition of drives or needs does 
not change the model appreciably, because a parsimonious stimulus- 
response psychology merely translates these states into new kinds of 
Stimulation and into qualitatively different response patterns. In 
Such a system, the stimulus usually leads the response, and thus we 

ave an organism which is portrayed as possessing little flexibility 
9r proxima] independence. Behavior is described as a function of 
the stimulus plus the need states of the organism, and this state- 
ment implies a rather tight coupling between stimulus and response. 
f the Organism does not possess a sufficient wealth of reaction pat- 
terns, it may not survive ecological shifts. 

The organism’s capacity for adaptation may be greatly enhanced 

Y the addition of a third mechanism: retentivity. On the simplest 
evels, retentivity may consist in the retention or storage of a needed 
Substance, This may lead to variability in response, for example, to 

€ cessation of food intake. Retention of this basic kind is essential 
to all Organisms. 

. However, the effects of retention may transcend the immediate 
Situation of the organism, giving rise to forms of adaptation which 
“te explored by theories of learning. Such theories often utilize the 
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concept of an association between stimulus and response, M 
usually thought to depend on increased ease of excitation of uig 
neural tissues involved in the original behavior. However, there 1d 
scant evidence to support this assumption, and such on 
difficulties stand in its way that Lashley (1950) once remarked, wi 

tongue in cheek: “I sometimes feel, in reviewing the evidence a 
the localization of the memory trace, that the necessary be 
sion is that learning just is not possible." Actually, his dou : 
apply with telling force to all such concepts as reverberation, E 
sociative connections, the growth of synaptic knobs, increases " 
synaptic efficiency, etc, All such concepts arise out of basic assump 
tions about nervous circuitry which are quite misleading. They may 
be used to construct crude analogues to the action of the p 
System, but it no longer seems likely that the actual storage of ki 
perience consists in modifications of neural circuits or connections: 


More likely, the ultrastructure of storage is of a chemical nature; 


and although in the higher forms of life it is mediated by neural 
activity, it probably does not take place in the neurons hen 
Gerard (1961) Suggests that it may take place at the macromolecula 
level, and Galambos (1961a) proposes that information storage T 
vhich surround the neurons, and whic 

an the neurons themselves. a 

information storage within the brain, 
rvations which indicate that it is some- 


example of this is in the description which Penfield and Rasmussen 
(1950) give of the experi 


nated. Penfield and Rasmussen comment: “She no longer had the 


out the experience she 
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may assume that she called upon an identical neurone pattern some- 
Where else in the brain when she voluntarily summoned this memory 
after operation. We may assume further that this identical pattern 
Was located in the other temporal cortex, although this conclusion 
is purely hypothetical.” 

This hypothesis is supported by the results of recent experimental 
work by Morrell (1961) on “mirror foci.” He applied ethyl chloride 
Spray to a small (2 mm.) area of sensory cortex. At this time, there 
Was no discharge on the contralateral cortex corresponding to the 
paroxysmal discharge of the treated area. Three days later, however, 
the Symmetrically placed electrode did disclose a new focus. That 
18, a secondary discharge now appeared on the contralateral hemi- 
sphere; it is described as “a reflection of the primary discharge,” 
and disappeared after ablation or surgical isolation of the primary 
lesion, However: “After a given period of time (24 hours to 7 days 
in the rabbit, 4 weeks to 3 months in the cat, about 8 weeks in the 
monkey) the secondary contralateral focus becomes independent in 
that it does not disappear upon ablation or coagulation of the 
Primary region of discharge.” 

The development of this independent focus is prevented if the 
Corpus callosum is sectioned within approximately twenty-four 

Ours of primary lesion formation (in the rabbit), or if the site of 
the primary lesion is otherwise isolated. An isolated slab of such 
tissue is fairly readily excited by ephaptic (i.e., nonsynaptic) trans- 
Mission from surrounding regions, and this leads Morrell to state: 
We believe this to be a crucial observation because it demonstrates 
that the mirror focus is a region that has not only ‘learned’ to behave 
in terms of paroxysmal discharge, but which ‘remembers’ this be- 
avior even after months of inactivity.” He comments on the role 
of a possible chemical organizer substance which may regenerate 
molecular configurations and store patterns of information. 

t Summarizing to this point, we believe that a meaningful distinc- 
tion may be made between sensitivity and reactivity on the one 
and, as excitatory processes, and retentivity, as an information 
Storage capacity. Changes in any one factor bring about changes 
In the others, and highly differentiated storage capacities, such as 
those Observed by Penfield, produce very marked changes in sensi- 
tivity to external and internal sources of stimulation. (As we point 
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out elsewhere, the pathologic aspect of such changes seems to 
depend on a marked reduction of local inhibitory potential.) . 

There is, of course, a tremendous range in the potential i 
plasticity. E. H. Hess (1956) has sought to appraise the funcion 
plasticity of Leghorn chicks, with respect to the natively determine 
pecking response to visual stimuli. The chicks were hatched m 
complete darkness and immediately fitted with hoods p ape. 
goggles. The goggles of the experimental chicks displaced the beo 
field 7 degrees to one side or the other, while those of the ay 
animals did not displace the visual field. One day was allowed ior 
adaptation to the hood, and the chicks were then tested for ps 
accuracy by exposing them to brass nails imbedded in clay. or 
pecks of the experimental animals fell about 3 to 4 mm. from os 
target, representing the 7 degree displacement over a pecking = 
tance of 25 to 30 mm. Evidently, then, the specificity of the respons 
is controlled by the animal's morphological structure. als 

To test the effects of experience, half the experimental € 
and half of the controls were fed from bowls of mash, so €: 
accuracy of pecking was of no importance. The remainder pe 
permitted to peck at scattered grain, a condition which as ee 
accuracy for optimal food intake, and which might be expected | a 
foster a trial and error mastery of visuomotor coordination, if n 
response was capable of modification. When placed again in the ne 
situation, between 3 and 4 days of age, it was found that the contro 
animals had improved their performance by narrowing the range 
of scatter about the target. The experimental animals also narrowe i 
the error cluster, but the systematic error found in the original tes 
remained. That is, the pecks were still dispersed around a point 
about 4 mm. from the target. That there was real need for learning 
in the target situation is shown by the fact that the experimenta 
animals fed in this situation were in poor health, and two of them 
died. Hess concludes that “the chick’s visual apparatus for locating 
objects in space is innate and not learned.” 

These results are in sharp contrast to those of essentially similar 
experiments with human subjects. G. M. Stratton (1897) covered one 
eye, and wore a prism which inverted the image on the other. At 
first the “upside-down world” was reacted to with confusion, an 
visual perception in the ordinary sense was difficult. By the eighth 
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day, however, Stratton was able to smooth out the clash between 
body cues (tactile, kinesthetic, proprioceptive, etc.) and visual cues. 
He says that he was then able to react in a way which was harmoni- 
ous with body sensation. However, he says that if he then compared 
the adjusted visual field with recall of the older visual cue system, 
he appeared to be observing the situation from an "inverted body. 

Stratton's findings have been corroborated repeatedly. Snyder and 
Pronko (1952) report that Snyder adjusted the visuomotor clash 
sufficiently to drive a car and swim successfully. Once again, how- 
ever, there was a definite clash between the visual field and recall 
if the factor of recall of the original visual set was introduced. 

ohler (1951) reports similar experiments of much longer term, up 
© four months’ duration, some of which involved top-to-bottom or 
right-to-left reversals of the visual field, while others involved 
angular displacement of the whole visual field or part of it. In 
these prolonged experiments, a dependable reorganization of the 
Perceptual field followed after the achievement of satisfactory habits 
oF locomotion and manipulation. Kohler points especially to the 
aftereffects of such experiments—to the distortions of opposite 
Sense which appear when the prisms are no longer being worn—as 
evidence that the process of adjustment is central as well as periph- 
eral. For example, aftereffects that follow a long period in the 
Use of half-prisms distorting only the upper part of the visual field 
and not the lower, were not associated with any particular portion 
9f the retina. us with a particular position of the eyes and the 

ead, a elicumstance which leads Kohler to call them "conditional 
Sensations,” 

We cannot say for sure whether the nervous apparatus of the 
Chick would be adequate to effect a similar reorganization, if the 
*Xperiment could be arranged to allow the chick as much time 
35 Kohler and his subjects had. However, it is clear that the re- 
Organization effected by the human subjects in these experiments is 
NOt simply a matter of the establishment of new stimulus-response 
*ssociations, nor can it be regarded as a change taking place wholly 
in the sphere of sensitivity. It is a reintegration which involves the 
telationship of sensitivity and retentivity to a fourth parameter of 
Plasticity, inhibition. Kohler himself concludes that “one must think 
in terms of an hypothesis of central (reciprocal) inhibitions and 
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facilitations of aftereffects.” Even the simpler adjustment of visuo- 
motor habits, which precedes the perceptual reorganization, neces- 
sarily involves inhibitory elements, Instead of the lifelong habit of 
reaching to the right, this response was arrested and directed to the 
opposite side. The ability thus to change previous stimulus-guided 
integrations, and to form new integrations within a matter of days, 
points to highly developed inhibitory capacities. Such a renten 
tion would probably not be possible, in the face of long-practice 

reactive dispositions, on the basis of merely retaining soca 
associated with specific stimuli. The control and integration of al 
stimuli and response dispositions, those newly arising from moment 
to moment as well as those already experienced during the learn- 
ing period, is effected by inhibition. 

But if the “associational” account is inadequate in respect to the 
results with human subjects, so also is the simple statement that the 
chick’s visuomotor coordinations are innate. There can be no quarrel 
with the fact that this apparatus is "given" in the morphologica 
sense. But that statement is as true for man as for the chick, as can 
be readily determined by observing the visual pursuit of a well- 
developed human infant a few days after birth. (Since these lines 
were written, Michael Wertheimer (1961) has reported eye move 
ments directed toward auditory stimuli within the first minutes 9 
postnatal life.) The difference in functional plasticity, which pet 
mits one organism to alter what is morphologically “given” while 
another cannot, is a reflection of differences in inhibitory capacity: 
With respect to sensitivity and reactivity, the chick's visuomotor 
h respect to retentivity, we know , 
ering other response probabilities 
n imprinting behavior, as well 4$ 
those in a maze). The reason for the lack of plasticity in respect t° 
the pecking pattern must be sought elsewhere, 

Actually, the pecking pattern represents a very tight and effective 
coupling with the environmental surround, and one with high 
survival value under ordinary circumstances, The chick does not 
normally need choice in this situation, €xcept in the sense of prefer- 
ence for targets of certain size and Shape, which has been demon- 
strated elsewhere. Long ago, Lloyd Morgan (1898) observed that 
such preferences could be modified by experience, and his half- 
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anecdotal, half-experimental account of the responses of chicks to 
cinnabar caterpillars leaves no doubt of the chick's ability to in- 
hibit its pecking response, under certain circumstances and at a 
Somewhat more advanced age. In a famous passage, he says that 
Chicks "strike at first with perfect impartiality at anything of suit- 
able size, |. , They soon learn, however, what is good for eating, 
and what is unpleasant, and rapidly associate the appearance with 
the taste,” Morgan, who had such a clear vision of the importance 
of inhibition in 1891, but who had meanwhile stated his canon of 
parsimony in 1894, refrained from any speculation concerning in- 
hibition in this case. However, it is clear that when and where the 
Chick lacks plasticity, it is because he lacks capacity for inhibition. 
The chick simply does not have the capacity to inhibit one peck 
Pattern in order to gain another which is displaced 4 mm. to the 
left or right. The fact that one of these pecks is directed at a slightly 
ifferent angle from the other does not make one "learned" and 
the other “innate,” but rather the fact that the chick lacks the free- 
dom of choice between these pecks, being restricted to one of them, 
Indicates his impoverishment in respect to capacity for inhibition 
of Proximally guided, stimulus-bound behavior. It is not simply a 
ifference in the visuomotor system that is involved, between man 
and chick, but the possibility of bringing to bear upon that system 
an inhibitory control which is extraneous to it, and which would 
tepresent an organismic contribution. 
Sperry (1951, 1958) studied the limits of plasticity in respect to 
the use of Oed sensory nerves or antagonistic muscles involved in 
9comotor patterns. In one experiment, he switched the nerve con- 
nections to muscles governing the movement of the ankle joint in 
the hind limbs of rats. The animals were unable to adjust to this 
Situation, “When they tried to lift the affected foot, it pulled down- 
Ward; when they tried to rise on the ball of the foot, their toes 
Swung up and they fell back on their heels.” In another experiment, 
Muscles were crossed instead of nerves, but the result was the same. 
Ut if muscles and nerves were crossed, successful integrated move- 
ment took place. In this case indeed, two negatives became a posi- 
Ve. In still another experiment, the sensory nerve trunk was 
Crossed from the left foot to the right, and electric shock was 
applied to the left foot; the animal would raise its right foot for 
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each shock, and this continued to the point that, after a sore had 
been developed on the left foot, the rat hopped about on three 
feet, keeping the unharmed right foot suspended above ground! 

Anokhin (1961a) discusses results of similar experiments performed 
in his laboratory, on cats. These animals were able to compensate 
for the interchange of flexor and extensor muscles after about one 
year, and electromyographic analysis indicated that the new func- 
tions were being correctly performed. However, when these ani- 
mals were spinalized the muscles reverted to their original func- 
tions. It is clear that the important plastic changes did not occur 
at the spinal level. Although Eccles (1961) has demonstrated that 
spinal synapses increase in efficacy as a result of use, and there- 
fore considers it likely that such changes are basic to plasticity at 
least as regards motor phenomena, the findings of Sperry and o 
Anokhin indicate that some very different process, not at the spinal 
level, must be involved. Human beings do seem to be able to con 
trol the actions of transplanted muscles, but in this connection 
Sperry makes the following comment: “In most cases humans ca? 
learn to control transplanted muscles only in simple, slow, volun- 
tary movements. The control of complex, rapid and reflex move" 
ments is limited at best and is subject to relapse under conditions 
of fatigue, shock or surprise.” These, of course, are the conditions 
which commonly give rise to disinhibition. The transplanted muscle 
is held in a very delicate state of control, which does not permit the 
usual autonomization of function. It is fairly obvious that inhibitory 
controls, other than those on the spinal levels, are involved, and it 
is also obvious that these are unstable and extremely subject to dis- 
inhibition, which precipitates relapse or loss of control. 

The effects of deprivation in visual experience constitute 27 
other area of fruitful experimental investigation of behavioral plas- 
ticity. In The Organization of Behavior (1949), Hebb cites the ob- 
servations of Senden (1932) and the experiments of Riesen (1947) 
regarding the effects on perception of the limitations of such €* 
perience, and the possibilities of overcoming them. Senden ob- 
served that after removal of congenital cataracts, considerable 
experience is required before one can identify objects in terms ° 
simple shapes without having the opportunity to touch them. For 
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example, it required considerable experience to discriminate a 
Square from a triangle. However, perception does eventually ap- 
Proximate normal perception. In his analysis of how such “normal” 
perception develops, Hebb assigns an important role to eye move- 
ments, although he points out that after long-standing experience 
the perception of patterns is not dependent on eye movements. 

The experimental analysis of this problem was continued by 
Riesen (1958). Two chimpanzees, Snark and Alfalfa, were kept from 
birth in a room completely darkened, except for a period of ap- 
Proximately 45 seconds each day. In a test at the age of sixteen 
months they demonstrated low-order reflexes to light, but they 
failed to show any responses to more complex light sources. Feed- 
Ing bottles and play objects were not responded to unless they 
touched the animals’ bodies. Threatening movements did not pro- 

uce a blink. They were then placed on limited schedules of light. 
At thirty-three months, Snark was transferred to “the normally 
ighted nursery and later out of doors with chimpanzees of his 
Own age. It was expected that he would rapidly acquire normal 
Visual behavior, He did improve slightly at first, but after his small 
initial improvement he actually lost ground in visual responsiveness, 
Until even reflex activity began to die away.” 

Riesen has demonstrated that these results were not due to lack 
o£ visual experience per se, but to lack of patterned visual experi- 
ence, Even after early normal visual experience, deprivation may 
lead to extreme retardation. The chimpanzee, Faik, was placed in 

arkness at the age of eight months, and remained there until 
twenty-four months. He showed profound visual disturbances which 
Were similar to those of the animals in the early darkness experi- 
ment. His return to the normal pattern was slow and, at the time 
Of Riesen’s writing, still partial. (Accompanying morphological 
changes have been discussed by Riesen, 1958.) 

Riesen’s more recent work (1961) demonstrates another aspect 
Of the problem, which is directly connected with inhibition. A cat, 

urry, was saei for one year in a dark cage, where it appeared to 
be normal in most of its transactions. Subsequently it was intro- 

uced into a phased schedule of the visual environment. However, 


or as long as one year it exhibited hyperexcitability whenever it 
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was placed in a strange visual field. At three and one half years it 
was not proficient in spatial detour problems. Similar results are 
reported for chimpanzees, 

Another cat, White, was also raised in a dark cage, but for one 
hour of each day it wore a white translucent hood which admitted 
only differential gradients of brightness. This animal adapted readily 
and played with other cats in a larger pen. However: “At the age 
of 2 years and 11 months this well adjusted cat was suddenly in- 
troduced into a strange, sound-shielded room, 5 feet by 5 feet, and 
9 feet high, and the hood was removed. There was one light bulb 
shining at a height of 4 feet. Almost immediately White began t9 
run rapidly and frantically about the room, bumping into corners 
or up the side walls." A second exposure to the room nine days 
later led to a tonic-clonic seizure which lasted for three minutes 
and was followed by "sporadic attempts to orient towards m 
light.” A third exposure was milder, and White was finally place 
in a cage in the normally lighted laboratory. There “he lay quietly 
in the cage most of the time, eating poorly or not at all. At the age 
of 3 years, White died. No further seizures had been observed. NO 
acute symptoms or any obvious cause of death could be dete 
mined." 

Surely, White's death was precipitated by the proximal sensory 
overload, which could not be arrested. There seems to be little 
point in distinguishing here between learned and innate patterns ° 
reaction. It makes no sense to call the adjusted pattern a learné 
one and the maladjusted something different. The result ensues fr0™ 
the peculiarity of drastic proximal-to-central coupling without the 
intervention of inhibition. On the basis of Riesen’s earlier work, b 
can assume that no patterned or distal perception was possible ? 
this case. The proximal situation was not controlled by inhibitio? 
and the unmodulated arousal, which in the less extreme case show® 
itself as hyperexcitability, here produced a tonic-clonic seizure 

Riesen does not report any observations relative to eye-bliP 
rates and eye-closing, but it is unlikely that this animal did 2% 
possess, in the morphological sense, the capacity to close its eyes 
This simple act might have retumed it to its well-adjusted state, 
in an environment devoid of visual objects. Opening and closing 
its eyes, it might even have developed its own program of visu 


Plasticity of Behavior sa 


events. Its failure to do this is difficult to explain under any stimu- 
lus-reduction theory of drive. But in the nonselective excitatory 
state into which this animal was plunged by its visual experience, 
even this relatively simple act of control was evidently unavailable 
to it. The fact that, in Riesen’s earlier work with the chimpanzees, 
the effects of a similar program were so much less drastic, may be 
ascribed to the fact that the higher primates were able to disregard 
the unwonted stimulation, even to the point of obliterating reflex- 
type responses, not by closing their eyes, but by a kind of negative 
adaptation or habituation. For the visually-deprived chimpanzee, 
Visual stimulation provided very poor cue-validity when compared 
With the kinesthetic-tactile stimulations with which it had more ex- 
tensive experience. Whenever clashes between the two arose, the 
Visual effects would be “partialled out” as noise. Thus successful 
adaptation might be best served by inhibition of the less reliable 
Cues, bringing about the actual decline in reliance on vision which 
Was noted by Riesen. ; 
Experimental studies of habituation show another important as- 
Pect of plasticity, in which factors of retentivity and inhibition are 
oth prominent, Instances of habituation have been reported for 
Virtually every organism whose behavior has been studied, and it 
'S perhaps the lowest common denominator of experientially ac- 
quired change. Thorpe (1956) defines habituation as “the relatively 
Permanent waning of a response as a result of repeated stimulation 
Which is not followed by any kind of reinforcement.” Solley and 
Urphy (1960) contrast sensitization and habituation as “antipodal 
effects,” for in the first case we gain sensory responsiveness, while 
in the second there seems to be a loss of the positive aspects of 
*esponding. They point out, of course, that there is nothing con- 
adictory in considering inhibitions and excitations simultaneously. 
Th the case of habituation, however, we must consider inhibition 
in relation to retention, for the decreased reactivity is associated 
Only with specific forms of stimulation, and any change of stimula- 
tion, either quantitatively or qualitatively, may bring about dis- 
abituation. This point will be illustrated below. 
The Peckhams, in 1887, demonstrated that a spider which would 
at first drop out of its web in response to the vibratory stimulation 
of a tuning fork, would cease to do so after a number of such trials. 
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We have previously discussed instances of habituation in the 
stentor and the hydra. Thorpe's survey provides evidence for the 
phenomenon on all levels of phylogeny, extending from protozas 
to mammals. The extinction of the “investigatory reflex,” as de- 
scribed by Pavlov, may also be ascribed to habituation, although 
it is apparent that Pavlov’s theory of the role of cortical elements 
cannot be accepted as an explanation for this phenomenon. € 
less and Jasper (1956) studied habituation in cats in the een 
reduced cortical arousal, in response to a repeated tone which 
originally produced a marked arousal pattern. Jasper noted some 
of the implications of this important study: 


Before any specific stimulus can acquire a positive significance ed 
given response, the animal must learn the insignificance of all irreleva : 
stimuli. . . . Habituation of the alerting response is not duc Er 
general refractoriness or unresponsiveness of the reticular system, ing 
to a selective unresponsiveness to the quality and pattern of the aler! a 
stimulus. . . . The function of the reticular system in normal adap a 
or integrative behavior may be more in the nature of a prevention a 
general arousing reaction to all stimuli, with a control of pem ry 
responsiveness to significant stimuli. . . . This implies that ae 
rather than excitatory functions may be most important, either during 
sleep or during wakefulness (Jasper, 1958a, pp- 320, 322). 


Studies of habituation with human subjects are also numerous: 
Seward and Seward (1934) demonstrated response decrements a 
subjects exposed to mild intensities of shock administered to the 
feet at sixty-second intervals. Dodge (1923) found some respons? 
decrement to repeated elicitation of the patellar and eye-blink m 
flexes. Wendt reviews the controversy on the role of habituation 1? 
postrotation nystagmus. His comments are interesting, because 
they point to the participation of two forms of inhibition. 


There are two factors in habituation, two kinds, in fact, which may M 
present separately or together. The one shows up especially in p: 
usual method of observing after-nystagmus with the subject's eyes opes. 
In this case visual stimuli tend to inhibit the vestibular nystagmus, a" 
with repetition these stimuli become increasingly dominant. Suc 
habituation is probably not preventable. The other shows up with the 
eyes closed. In this case loss of nystagmus occurs when the subject 
fails to remain alert to his external surroundings, This habituation 5$ 
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preventable by keeping the subject attentive to the external sur- 
roundings and avoiding inward-directed revery states (Wendt, 1951, 
p. 1214), 


Hernández-Peón and his collaborators have carried out extensive 
electrophysiological studies of habituation on different levels. He, 
too, regards habituation as a kind of primary learning process 
Which is necessary to permit establishment of more complex be- 

‘avioral patterns. Hernández-Peón and Brust-Carmona (1961) cite 
the earlier work of Griffith (1920), who found that in one case a 
reduction of postrotatory nystagmus in man, as a result of repeated 
Totation, lasted four years. Using electromyographic recording from 
ocular muscles, they demonstrated inhibition of nystagmus not only 
in intact cats, but also in those deprived of all neocortex. Lesions 
în the mesencephalic reticular formation also did not prevent habit- 
uation of postrotatory nystagmus, but those in the pontile tegmen- 
tum did, Taking this result together with those in other studies by 

*rnández-Peón and collaborators (which demonstrated habitua- 
tion in the cochlear nucleus, the retina, the olfactory bulb, and the 
Sensory nucleus of the fifth spinal segment, as well as dishabitua- 
tion by an added acoustic stimulus after habituation had caused a 

€crement of spinal potentials evoked by tactile stimulation), Her- 
nández-Peón and Brust-Carmona reach the conclusion that "afferent 
Neuronal habituation at second order sensory neurons results from 
Centrifugal inhibitory influences proceeding from the reticular sys- 
tem of the lower brain stem.” This interpretation is supported by 
the fact that section of the spinal cord at the level of the second 
Cervical nerve resulted in augmented potentials below that level in 
a Previously habituated animal. 

This is one more line of evidence (like those arising from the work 
of the Magoun-Moruzzi-Lindsley school, from Penfield's work on 

e "centrencephalic system," from Jaspers work on the diffuse 
thalamic projection system, from Bykov’s work on conditioning of 
“autonomic” rocesses, etc., etc.) which points to a kind of inter- 
COnnectedness which goes far beyond anything provided by the old 
Classica] conception of input-output systems based on afferent and 
efferent excitations, connections, or traces, Everywhere, the plastic 
Shaping of behavior is related not only to factors of reactivity, sensi- 
tivity, and retentivity, which might conceivably be accommodated 


286 Choice: The Central Problem of Psychology 


by such a system, but also to inhibitions which occur at all levels of 
biological experience, which influence and are influenced by the 
other factors named. Even at the spinal level, afferent inhibition 
occurs as a result of some process of retention of experience due to 
prior controlled exposure to the situation. The fact that this afferent 
inhibition is selective, and that it may be attenuated by a change in 
the intensity of stimulation, illustrates the interrelatedness of sensi- 
tivity, reactivity, retentivity, and inhibition in integrated behavior. 
Functional plasticity involves all four factors in complex relation- 
ships. What we call learning may often be the shifting emphasis 
among them. 

We have already made repeated use of Brunswik's distinction 
between proximal and distal stimulations and responses. In his dis- 
cussion of perceptual constancies, Brunswik (1944) calls our at- 
tention to the fact that in a shifting ecological setting, a reliance 
upon proximal or mediational aspects of either the stimulus or the 
response may lead not to behavioral achievement, but to possible be- 
havioral chaos. He argues for an approach which involves wide- 
spanning functional relationships between distal events, objects an 
acts, and central events, That is, the organism has the task ° 
achieving independence of particular stimuli and particular mus- 
cular patterns of performance. However, many classical learning 
experiments deal very largely with situations in which such inde 
pendence cannot take place, or, if it does take place, it is treated 2$ 
error variance. Under these circumstances, the organism becomes 
a simple stimulus-response mechanism, its responses being place 
under the control of situational factors, which permit excellent 
predictive control by the psychologist who is master of the situa 
tion. In the preceding chapter, we considered the virtues and the 
limitations of some behavior theories which are based on such situa” 
tional analyses, However, the factors of plasticity which we havé 
been discussing have a much wider relevance, for they appear t° 
have an explanatory and heuristic value in many varied circum" 


stances—all the way from purely phenomenological descriptio? 
to the spinal habituation of a cervically transected cat. 


Although these factors operate simultaneously, the place which 
they hold in the general pattern of control does undergo chang 
Brunswiks concept of relative independence of proximal events; 
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can be translated into altered patterns of relationship, in which 
tetentivity, inhibition, or both, become the major controlling influ- 
ences, in place of reactivity and sensitivity. In Sperry's experiments 
9n nerve and muscle transplants, and in Hess's experiments on peck- 
ing by the chick, the excitatory components led the other compo- 
nents. Such close couplings, in which fixed morphological struc- 
tures determine sensitivity to certain objects, are usually highly 
Adaptive for lower organisms in most ecological settings. To some 
extent, plastic changes in behavior take place on the basis of 
Changes in sensitivity and reactivity. But the more important plas- 
tic events in which these processes are involved are those which 
are mediated by the factors of retentivity and inhibition acting 
Upon them, Phenomena of attention, and different states or levels 
o Consciousness, reflect such influences. The influence of retentivity 
on Sensitivity appears clearly in the Stratton-type experiments, as 
9r example in Kohler's experience of the "bend" in the visual 
field after he removed the prisms which introduced the opposite 
end, for which he had been compensating. 
For such plasticity to appear, there must first be the possibility 
experiencing differently. In the pecking of the chicks, morphol- 
OBY controls the specifics of behavior to such a degree that inhibi- 
tion and the retention of experience can occur only within narrow 
mits, Higher order behavior seems to require the functional plas- 
ticity which is made possible by a delicate interaction between re- 
tention and inhibition. Either factor may remove the organism from 
€ control of specific proximal events. We shall return to this as- 
Pect of our problem after discussing another viewpoint on the role 
of inhibition in plasticity. 
arlow (1958) has stated a point of view which coincides in part 
With that which is presented here. His theory, if confirmed, would 
© more parsimonious than the present account. Harlow believes 
that “All learning and all thinking may be regarded as result- 
Ing from a single fundamental operation, the inhibition of inap- 
Propriate responses or response tendencies.” And again: “Inhibition 
ls the single process accounting for all learning. It is presumed 
hat this unitary inhibitory process acts to suppress the inap- 
Propriate responses and response tendencies operating to produce 
tror," This analysis arises fairly directly out of Harlow’s work with 
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the establishment of “learning sets” (1949), that is, his ae 
tion that animals, particularly primates, which have had rw aem 
solving discrimination problems, display an intertrial trans E jest 
enables them to solve new problems more efficiently. Int n a 
ing of more than 300 discrimination tasks in the Wisconsin m 
Test Apparatus (Harlow, 1949), monkeys showed a steady ole 
in the proportion of correct choices. Harlow's oddity Pd he 
(1958) requires that in each group of three objects pn e iis 
response must be directed to the object which is different r es 
other two, which are similar, It is only this set for oddity whic pe 
be carried over from trial to trial, or problem to problem, ware, 
mal being required on each trial to choose perhaps an item W This 
was wrong on the previous trial, perhaps among fresh m i 
problem may be further complicated by combining oddity ai the 
oddity problems, For example, the odd object is to be E on at 
objects are presented on a green tray, the non-odd objects i nkeys 
orange tray. This type of problem “can be mastered by mo sib 
and apes without undue difficulty," but we are told that no 
primate has approached its solution. ation: 
The ability to acquire “learning sets” is related to matura at 
Harlow (1959a) states that “For the neonatal and infant me 5 
monkey each learning task is specific unto itself, and the cme 
intellectual repertoire is composed of multiple, separate and isola "i 
experiences. With increasing age, problem isolation chanki d 
problem generalization, and thus fundamental reorganization r d 
monkey's intellectual world apparently begins in its seconc ea 
of life. From here 9n, we can no longer specify the monkey's Mm 
ing ability for any problem merely in terms of maturation age: ar 
individual differences. The variable of kind and amount of pri 
experience must now be given proper value." m 
Harlow’s empirical work is of the greatest value, and his ap En 
represents one of the most important advances which have Ls n 
made toward widening the range of situations in which Lue e 
being studied. However, we feel that on the one hand he ascrí M 
too much to inhibition, and that on the other his concept of ee 
hibition is too narrow, since he thinks of it only as the learned 
pression of response, rather than as the interactional process 2 
which organismic integration is achieved. He says, for examp“ 
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that “all learning which has been adequately described and 
measured, appears to be the learned inhibition of responses and 
response tendencies which block the animal or fail to lead it to 
some terminal response, such as eating or escape from noxious 
stimulation. . . . The law of parsimony requires at the very least, 
that we seek as simple a fundamental explanation of vertebrate 
learning, including human learning, as is consonant with fact" 
(Harlow, 1958). We feel that this very limited interpretation of the 
role of inhibition in behavioral plasticity is an example of misap- 
plication of the law of parsimony, which threatens again to over- 
simplify essential relationships. 

Returning now to the question of proximal independence, we 
Wish to emphasize again that at different times, in the same or- 
anism, each of the four factors of plasticity—reactivity, sensitivity, 
Tetentivity, and inhibition—may lead in exercising control over the 
Others, All four factors are present on all phylogenetic levels, and 
even within part structures of intact organisms. In general, however, 
Sensitivity and reactivity are the controlling factors in lower or- 
anisms, and as we ascend the phylogenetic scale, retentivity and 
inhibition become more prominent factors in adaptation. It is only 

Y a formalism. or the neatness of a paradigm, that we are able to 
throw together into a single classification, as learning, behaviors 
which are so widely disparate as the peripherally guided fluctuant 
Sel-sol cycles of amoeba, the mastery of a maze by the proximally 
guided ant, the maze-solving behaviors of the rat, and the insightful 
Solution of problems by primates. Schneirla (1939, 1959) calls at- 
tention to relationships which exist between stimulus intensity and 

iphasic adjustment processes, leading either to approach or to 
Withdrawal, as trans-situational mechanisms of adaptation to the 
changing stima flux of the physical surround. He points out that 
in the early ontogenetic development of all organisms, “low in- 
tensities of stimulation tend to evoke approach reactions, high in- 
tensities withdrawal reactions with reference to the source,” and he 
States the principle that “Intensity of stimulation basically deter- 
Mines the direction of reaction with respect to the source, and 
thereby exerts a selective effect on what conditions generally affect 
the organism.” We would add that the capacity for plastic change 
Could not arise, even with a million-fold decrease in various sensory 
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thresholds, if there were not also a corresponding increase in "d 
capacity to inhibit afferent input selectively. We have seen Me. A. 
mammal, particularly, possesses many inhibitory mechanisms whi E 
enable it to modulate its own afferent input. While it is true, E 
Leuba (1955) Suggests, that all organisms seek certain pem 
levels of stimulation, they do not do this merely by approach p 
withdrawal, but also by inhibition of afferent and efferent ays 
at several levels of the neuraxis, Excitatory mechanisms by en 
selves cannot yield the types and quantities of proximal indepen 
ence demonstrated in the behavior we observe. | Id 
Thorpe (1961) calls attention to the fact that young birds E. 
faster than adult birds in solving some tasks which depend pr 
the level of activity, but that older birds perform more efficien 3 
on tasks which require the ability to "refrain from" doing Son er) 
thing. Utilizing a concept of internal inhibition which is similar 


: le 
that of Pavlov, Thorpe suggests that “internal inhibition is unstab 
in young birds and , . 
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a greater part in the performance. But if the overzealous rat 
crashes into a barrier which is not opened quickly enough, the en- 
tire performance may change its character on the next trial, and 
other aspects of the stimulus situation may become more prominent. 
An experience of this type is subject to retention, and it may thus 
Contribute to conflict in future trials. Thus a few failures may even 
upset the long-practiced integrations of a professional athlete. Such 
highly skilled performances depend on a sequence of disinhibi- 
tions which must be timed to very tiny fractions of a second, so 
that a displaced excitation or added inhibition may easily upset 
them, Lashley (1951) has discussed this problem of the central in- 
tegration of serial responses, emphasizing its importance in all kinds 
of behavior, and not merely in motor skills. It is in such skills, how- 
ever, that the serial chaining of part responses is most obvious, and 
the reader, most especially if he is a golfer, has doubtless had per- 
sonal Opportunity to observe how the smooth timing of a practiced 
act can be upset by the unwelcome intervention of an intellectual- 
ization. The factors of inhibition and retention interact on all levels, 
and the same organism which may be able to adjust to major shifts 
in the proximal stimulus pattern can have its performance upset by 
Minor changes in either inhibition or retention. 

Something may be added here to what was said in Chapter 8 
about the participation of inhibition in conceptualization and think- 
ing. The attainment of concepts, even at a fairly low level, epito- 
Mizes the organism’s relative independence of proximal events. The 
concept may be defined as a consistent response which is given to 

identities” in diverse situations. In the initial experiences of these 
iverse situations, before the concept has been developed, sensi- 

tivity and reactivity control the responses given to objects under 

eir various transformations. The factors of retention and inhibi- 
tion must both come into play in order to attain the degree of 
Proximal independence which is represented by a concept. After 
its attainment, stimulus attributes or their signs are related to the 
class defined by the concept, and, if they possess the necessary cri- 
teria, the object is symbolized by or subsumed under the concept. 

t is clear that retention must provide the criteria which are es- 

Sential for this purpose, and inhibition must govern the act of com- 
Parison and decision. 
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On the higher levels of conceptualization, the attainment of each 
new concept represents a novel pattern of relationships between in- 
hibition and retention. New functional sensitivities develop, giving 
increased independence from proximal stimulation. When these 
are successfully symbolized and communicated, they become—like 
such concepts as number, zero, and infinity—part of the common 
thought models available to men in society. Such concepts as non- 
durative time, and the anomalies of quantum mechanics, may be- 
come everyday symbolic forms of thinking for another generation. 
Society is thus able to assist the individual in attaining the pre- 
scribed pattern of retentions and inhibitions, and thus to extend the 
range of his sensitivity and to further increase his capacity for 
plastic changes in thinking behavior. Morphologically, man is likely 
to undergo relatively little change, barring the catastrophe of an 
undamped cataclysmic mutation. What will change will be the 
physical and symbolic aspects of the surround in which future hu- 
man beings will behave. G. Murphy (1958) has drawn an inspirin£ 
picture of Human Potentialities under these conditions. 

We shall close this chapter with several illustrations of the inter- 
action between retention and inhibition which takes place in the 
performance of complex behaviors. As a first example, let us con- 
sider the act of riding a bicycle. This is a motor skill which is not 
difficult in itself, since it requires only very minor modification of a 
natural locomotor pattern—to *walk sitting down," as it is describe 
in an item of the Stanford-Binet, Form L, However, learning to ride 
a bicycle involves one difficulty: under these circumstances, the 
natural righting reflexes, which are so effective when we have out 
feet on the ground, only help to upset the equilibrium. As the be- 
ginner struggles to inhibit his reflexes, an excess of voluntary inhibi- 
tion comes to hamper all his movements. With practice, the inhibi- 
tion becomes Specific rather than generalized, and the need for 
balance is served by a slight body sway. Riding becomes automatic; 
which means that the inhibitory elements are of the same kind as, 
and no more prominent than, those involved in walking. Skill de- 
velops, reflecting changes which have taken place in the reaction 
mechanisms. The act is governed by a kind of motor memory. 

Our second illustration deals with the more complex skill of type- 
writing. This partakes somewhat of the nature of language, because 
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the patterns of movement are associated with meanings. Some years 
ago, the resourceful Knight Dunlap was plagued with the tendency 
to type hte instead of the. He cured himself of the habitual error by 
negative practice: he deliberately typed hte a great many times, 
thinking all the time that it was an error, and reported that there- 
after the error did not recur (Dunlap, 1928). This result obviously 
did not fit the then prevailing theories of learning, but subsequently 
it has sometimes been regarded as an evidence of reactive in- 
hibition. However, it seems unlikely that the same effect would have 
been gained by speedily typing hte-hte-hte . . . without thought 
that this was an error. In that case, the rut would probably have 
been deepened, yet the reactive inhibition should have been even 
Breater from the fast typing than from the slow. To understand the 
effect of the negative practice, one must first understand the na- 
ture of the error. Typing the requires more than a sequence of three 
movements. A correct performance, as part of an integrated typing 
act, depends on preliminary readying of the three movements, and 
their timely release or disinhibition. If an inhibition which is 
awaiting release is not strong enough, it may be prematurely re- 
leased, and presumably it is thus that the finger of the right hand 
Bets to strike the A before. the finger of the left hand strikes t. The 
Negative practice served to raise the general inhibitory tone attached 
to the intent to type the, and thus to improve the control of its 
Parts. The act had become too automatic, and row on row of the 
Could not provide the corrective. Exercising hte, consciously as a 
Wrong response, reinstated the inhibitory control. 

A third and final illustration of the interaction of retention and 
inhibition is provided by certain studies of decision making in a 
Situation with uncertain outcomes. On each trial, the subject is 
required to guess or predict which of two events will occur. Un- 

nown to him, the probabilities of these events have been pre- 
determined, but the fact that one is more frequent than the other 

€comes fairly obvious as the trials proceed. It is possible to maxi- 
Mize the number of correct predictions by always predicting the 
More frequent event. However, this strategy does not seem to occur 
to most subjects. Brunswik (1939) using rats, Humphreys (1939) us- 
ing human adults, and Messick and Solley (1957) using children, 
have found that guesses are distributed between the two events 


294 Choice: The Central Problem of Psychology 


approximately in proportion to their probabilities. This has been 
confirmed in additional work by Grant, Hake, and Hornseth (1951), 
Jarvik (1951), Hake and Hyman (1953), Estes and Straughan (1954), 
and many others. These findings provide a part of the basis for 
Estes’ statistical theory of learning. They indicate, he reasons, that 
human subjects tend “to behave in accordance with the principles 
of associative learning and not, in general, in the most rational 
manner as ‘rational’ is usually defined” (Estes, 1954), In the terms 
which we have been using, this means that probability-matching 
behavior is guided chiefly by the factors of sensitivity and retention, 
and it is proximally determined to a considerable degree. 
However, exceptions occur. Balvin (1956) gave monetary rewards 
for correct predictions, and assigned a higher reward to predic- 
tion of the less frequent event. Under this condition, there was 4 
significant shift in the distribution of predictions. This still might 
be regarded as proximally determined behavior, in which the weight 
of each event depends on the amount of reward. However, the sub- 
jects under subsequent questioning were still able to give highly 
accurate estimates of the relative frequencies, showing that reten- 
tion of the proportions was not influenced by the differential re- 
ward or the change in response rates. Most subjects, then, are eX 
cellent estimators, but poor maximizers of the expectancies. The 
reason for this is that something more than retention and sensitivity 
is needed to bring about optimal choice behavior in this situation. 
B rl uer ya clearly shown by only three, or perhaps 
r; y-six adult subjects, The answers which these maxi- 


pu inquiry showed that for them the 
"mper aspect than for the probability- 
matchers. One of them stated that once he knew no tiis were in- 
On was like coin tossing, he needed only 


curred more freq that 
: ` ently and bet on 

one on every trial. Thus, this subject Beca ped e of the 
trial-by-trial results, and maximized his predictions over the future 
events, This trans-situational strate 


of “greater than,” rather th 


independence of trial-by-trial ‘vents involves inhibition, as does 
also the complete suppression of one of the two responses possible 
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in the situation. It brings with it, as another gain, an absence of 
conflict in the situation, for now it is no longer necessary to choose 
between two possibilities which vie with each other on every trial. 
On the other hand, complete insensitivity to proximal changes 
would expose the subject to the danger of fixated behavior, which 
might become maladaptive if the probabilities were to change. In 
short, each of the four factors of plasticity in behavior must be ever 
ready to play its part, in changing interrelationships, as old patterns 
of behavior yield to new. 


INHIBITORY DEFICIT AND MENTAL 14 
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We have shown that wher 
present. Conversely, where 
inhibitory deficit sho 
where the ability to 


The study of the behavi 
tarded child 


Palsy, epilepsy, aphasia, Ree 
and cultural-familial retardation há 
ke evident the importance of 
processes. L 
struct is not new in child psycho : 
35 a neurological construct in 2 
ment. She paid particular attentio 
296 


Down’s syndrome (mongolism), 
help in different Ways, to mal 
smooth functioning of inhibitory 

The use of the inhibition con 
ogy. McGraw (1946) used it 
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to the action of the cerebral cortex as a governing influence at each 
Stage of development, and she points out that “the cerebral cortex 
1s twofold in function. It not only exercises an activating influence 
upon neuromotor behavior, but also exerts an inhibitory influence 
upon behavior controlled at infracortical levels.” It is essential to 
Gesell’s principles of development, such as spiral reincorporation 
and reciprocal interweaving. Gesell (1945) states that the embryo- 
Senesis of mind must be sought in the beginnings of postural 
behavior, and that “fixation of posture is sustained inhibition of 
3 potential or a completed action.” The inhibition construct is 
used implicitly by Lewin (1935) in his formulation of the field 
theory of the life space, where the barriers act as essential controls 
to shape behavior in an inhibitory sense. It is used explicitly, though 
not in directly physiological terms, in the theoretical framework 
of Freud and the psychoanalytic school, where not only does the 
980 act to inhibit id behavior, but the parents are interpreted as 
Tegulators of internal tension systems. Thus, Margaret Mahler 
(Mahler, Furer, & Settlage, 1959) calls the mother “an external 
executive ego.” 

In considering whether the construct of inhibition has value for 
the understanding of child development, we have had three ques- 
tions in mind. Does it help in understanding the pattern of the 
child’s progress in time? In understanding his relationship to space? 
Finally—since one of the most debated areas in clinical psychology 
15 the effect of maternal deprivation—does it have value for under- 
Standing the social role of the mother in the development of the 
child? We turn first to considering these three questions, and then 
Will review several of the major syndromes. 


The Pattern of Development. In the title of an article, Shirley 
(1931) asked the rhetorical question, “Is development saltatory as 
Well as continuous?” Whenever behavior or growth is observed 
longitudinally, it becomes apparent that it does not proceed in a 
Smooth curve but through a succession of relatively discrete stages. 

Ven Lewin, despite his essentially ahistorical approach, recog- 
nized the critical nature of physiological stages of growth, for he 
Wrote that "developments frequently show a rhythm like, for ex- 
ample, the biological development of the egg: they occur in steps 
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which are within themselves highly autonomous. The concepts of 
maturation and of crisis become essential” (Lewin, 1935). Although 
McGraw disagreed with Gesell with respect to the relative impor- 
tance of maturation and practice, and neither was comfortable with 
Freud, all three recognized that development proceeds by relatively 
discrete stages, rather than gradually. And as will be set forth more 
fully below, stages of development are determined by the action 
of inhibition and disinhibition, 

In order to determine the etiology of pathological development, 
and manage the effects of defective development, it is necessary to 
reckon with the stages of growth and with the nature of the in- 
hibitory controls which are available at each stage. By the same 
token, the emergence of normal patterns of behavior and the plan- 
ning for normal development are likewise dependent upon the 
stages of inhibitory controls. Some psychologists are still commit- 
ting what Lange (1873) called the error of potentiality. They €% 
pect that whatever capacities appear in later development must 
already be detectable in earlier stages. Efforts are still being made 
to devise infant intelligence scales which will measure capacity 
for conceptual thinking, without considering whether the develop- 
ment of the necessary brain processes has taken place; and con" 
versely, the assumption is still being made that if a child with 2° 
obvious pathology appears intellectually bright at an early age, hg 
would necessarily be bright at a later age, and if not, that only 
socioeconomic factors or maternal deprivation can be responsible. 
(Cf. Sarason, 1949; Clarke & Clarke, 1958.) Carmichael (1946b) 
says: “The error of potentiality may be avoided quite simply. It a8 
necessary only to remember that the scientist who is dealing with 
development must study a series of temporally separated stages ? 
growth. These are his facts.” 

It is the general rule in ontogenesis that structures are prepared 


prior to the time when they will be required to function, and that 
behavior patterns are established 


; 1938); an anencephali¢ 


ai sit upright before the contro 
over the antigravity muscles has matured (see discussion of Gamp& 
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below). Even such complex behavioral patterns as “courtship, mat- 
ing, and care of the young are fully organized and ready to func- 
tion relatively early in life, well in advance of the time when they 
will normally be activated” (Beach, 1948). 

Freud (1905) recognized this pattern in the psychosexual de- 
velopment of the child, and he comments on the priority of organic 
factors in the inhibition of sexual behavior developed during the 
latency period. He says: “It is during this period of total or at least 
partial latency that the psychic forces develop which later act as 
inhibitions on the sexual life, and narrow its direction like dams. 
++. We may gain the impression that the erection of these dams 
in the civilized child is the work of education; and surely education 
contributes much to it. In reality, however, this development is or- 
Banically determined and can occasionally be produced without the 
help of education. Indeed, education remains properly within its 
assigned domain if it strictly follows the path laid out by the or- 
ganic, and only imprints it somewhat cleaner and deeper.” 

Since each stage must prepare for the next, and often for still 
later stages to follow, it is inevitable that each transition shall con- 
Sist of the disinhibition of some function or group of functions 
which were readied but inoperative. These functions are first 
Present as potentials, but are normally under inhibitory control, and 
their first appearance is the result of an inhibition of an inhibition, 
Which takes place at a preordained time. This is well illustrated by 

arcroft’s (1938) description of the mechanism by which the 
lungs begin to be integrated with the activities of the heart. The 
Toot of the lung artery is joined by a short channel to the main 
artery, Attached to this channel is a small muscle, also prepared in 
advance for a function which it will perform just once, and which 

en will atrophy. It is ready, but in a state of inhibition. At the 
Period of birth, this muscle is disinhibited, closing the channel, and 
then the lungs begin to receive the rich supply of blood directly 
from the heart. This is but one of many acts of disinhibition which 
transform the fetus into a neonate. 

If the hidden function has not been readied for its release or if 
the release itself fails to take place at the right time, there is a 
disorder in development which cannot be reversed, though it may 

© compensated at least in part, by later corrective developments, 


hology 
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: or 
Causes for the disorder may be due either to an organic pec 
to a failure of the environment to provide the necessary b a 
When an environmental influence is necessary for the a 1 doi 
velopment of the organism, as for example sensory — men a 
ing the early periods of infancy, deprivation of this exp ppm 
the critical Period may result in an irremediable — Chapter 
fect. (Compare the case of the cat, White, on page 282 a t in the 
13.) However, the resulting handicap may not be posee in 
ge, but may appear as an d Like- 
some future stage, for which the Anlage has been establis 2m 
wise, any teratogenic agent, such as radiation in eie sult in 
brain in the paranatal period, wil vail 
a deficiency or defect which may not be obvious until the orga 


en she 
Pictures which he took of Del when 


difference in the timing 
that the autism syndrome is 
infancy (before four month 


Harlow (1962), Monkeys that had b, 
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sters.” They were unable to establish normal sexual relations or 
Proper patterns of mothering. Apparently it was necessary that they 
experience mothering—cuddling, stroking, being held, being 
§roomed—in order that they should be able to engage normally, as 
adults, in activities which involve bodily contact. Furthermore, the 
effects of the lack of such experience appeared to be irreversible, 
or nearly so, 

The neat timetable of inhibition and disinhibition is too often 
disrupted by the operation of a teratogenic agent. Gamper (1926) 
Was able extensively to study such a victim, an anencephalic female 
infant whose precocity, in certain respects, provides an especially 
forceful illustration of the advance preparation of a behavioral 
Component which does not show itself in normal behavior until a 
ater period. The normal neonate, it should be mentioned, has a 
functional pallidum, but the still higher brain structures only be- 
Come functional in later development (Jung & Hassler, 1960). This 
little girl was born without a pallidum or any higher structure, and 
ept alive until she was almost three months of age. She had a 
Wide repertoire of behavior, but most interesting was her ability to 
Sit. When pressure was applied to the underside of her thighs, she 
Would raise her head, straighten her back, and bring herself into a 
Sitting position without any back support, although she was a weak 
infant, She could also cry, yawn, and stretch, would spontaneously 
Suck her own hand, and could follow a finger by turning her head 
and eyes, Gamper interpreted this precocity as due to a fuller real- 
ization of the functional possibilities of lower structures when these 
re not restrained by their subordination to higher centers, that is, 
When they are not subject to inhibitory control by the latter. Jung 
and Hassler (1960) emphasize that "these mechanisms are not simple 
reflexes but instinctive innate patterns which are elicited by sen- 
SOry sign stimuli." These coordinated acts, which will not be ob- 
Served in retarded infants with greater brain development than 
that possessed by the Gamper child, were made possible by the 
relatively greater defect which still preserved the essential mech- 
anism. A normal infant, with all of the same structures plus a 
functional pallidum, would not be able to sit up in the same manner 

ecause although the mechanisms for the act would be as well or 

etter developed, they would also be subject to an inhibitory con- 
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trol which was absent in this case. When this act does appear, it 
will be as the result of a disinhibition due to the development of 
still higher structures, and hence it will appear as part of a still 
more advanced pattern of behavior in which it will be incorpor: ated. 
The disinhibitory release of a function involves a reorganization 
of the previously established balances, and hence a developmental 
leap. When several such leaps occur simultaneously or in rapid 
succession, as at the time of birth or of puberty, the entry into à 
new stage is obvious. Whether the release of new possibilities of 
behavior will be recognized as initiating a new major stage 9 
development depends to some extent on how significant they are 1n 
terms of the culture or subculture, For example, in most middle 
class homes the period at which the child becomes capable of vol- 
untary inhibition and disinhibition of the sphincters controlling 
elimination is readily accepted as marking a new stage. Freud re- 
sponded to this when he labelled it the anal stage. But in the pres- 
ent American scene, with the shift of interest away from the contro 
of body functions (the id) to the acquisition of mastery over the 
environment (the ego functions), some psychoanalysts have been 
giving more attention to the stages of development initiated by in- 
creased control of motility (Mittelmann, 1954; Mahler et al., 1959) 
such as standing and walking, which depend upon the inhibition 
and disinhibition of the antigravity muscles. Mittelmann states that 
motility is the dominant urge (drive) at the beginning of the sec 
ond year of life and is “the dominant, or one of the dominant, means 
of reality testing and of integration." As another example, the ad- 
vance in intellectual functioning which occurs at about 6 years 0 
age, and which seems so decisive wherever schooling is importanb 
fails to take place in a simple subculture like that of the canal 
boat dwellers in England (Gordon, 1923) or of the Virginia hollows 
three decades ago (Sherman and Key, 1932). As a result, all schoo 
age children seem severely retarded by our standards. 
Development does not proceed without complications, which DE 


not unlike those of the Herbartian model, in which one idea may 
escape an inhibition because a 


hibition derived from a third. Thus. 


s at a very young age (before 
ntal controls. Later, when walk 
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ing begins, this pattern of control is disrupted because the mech- 
anisms become partly involved in the new behavior. If attention is 
Concentrated on bowel control, the child seems to have regressed 
rather than advanced. Gesell and Ilg (1943) indicate that irregular- 
ities in bowel control are to be expected not only at this period, 
but at a number of other transitional periods when new postural 
and motor functions appear and need to be consolidated. The effects 
of genetic deficit, or of teratogenic agents that had been experienced 
earlier, also become manifest at the time when a new function nor- 
mally appears, marking a new stage. Thus, the appearance of child- 
hood Schizophrenia after the age of two and a half years, in the 
Children studied by Mahler (1952), must be interpreted as an in- 
dication that at this period some decisive development takes place 
in the normal child. Likewise, cultural-familial retardation does not 
€come evident until the child is four years old; Kirk (1958) found 
that such children could not be identified at the earlier ages by 
Physicians and social workers. This suggests that at about this time 
the child enters a new stage of mental development, in which the 
Manipulation of symbols is a prominent factor. This interpretation 
OF the course of mental development is further supported by evi- 
€nce from diverse sources, including the work of Hofstaetter and 
9f Luria, as described in the following paragraphs. 
Hofstaetter’s (1954) analysis of Nancy Bayley’s data on intellec- 
tual development of children in the California Developmental Study, 
Tom infancy to eighteen years of age, provides a neat paradigm 
or identifying three stages of mental growth. He found three fac- 
tors Operating in time, with very little overlap between Factors I 
and III. Factor I is designated as general alertness, because of high 
loadings in sensorimotor tests; it was most prominent during the first 
twenty months and then declined in importance, contributing prac- 
tically nothing to the variance from forty months on. Factor II is 
Called persistence, “a tendency to act in accordance with an es- 
tablished set rather than upon interfering stimulation,” It had nega- 
tive loadings in the early period and positive loadings later, reach- 
ing its peak in the middle of the third year. Hofstaetter links it with 
© well-known negativism of the two-and-a-half-year-old. Factor 
m, which he regards as equivalent to Spearman’s g and identifies as 
Manipulation of symbols, is the most prominent factor after forty 
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months, and accounts for nearly all of the variance after forty-eight 
months. Of course, general alertness and persistence of behavior sets 
do not vanish after forty months, but they evidently cease to be 
important controlling factors and come instead under the inhibitory 
and disinhibitory control of those functions which make the manip- 
ulation of symbols possible. 

These relationships are demonstrated in experiments on the eii 
latory role of speech in the development of voluntary action, whic! 
are reported by Luria (1960a, 1960b). Luria's frame of reference is 
very different from Hofstaetter’s, but the results dovetail neatly 
with his analysis and help to elucidate the inhibitory role of ci 
mental processes in checking impulsive behavior. He points ou 
that for the very young child an adult's verbal instruction serves 
only an "impulse function," but cannot inhibit or shift the child's 
behavior. The child of one and a half to two years readily claps his 
hands on command, or puts rings on a bar, or takes them off. But, 
if while he is taking rings off a bar, he is asked to put one on, he is 
unable to do so and actually increases rather than decreases the 
activity in which he is engaged. Psychologists and educators n 
called this “negativism,” and parents call it “disobedience. Hot- 
staetter's “persistence” seems more appropriate. It appears also A 
an experiment in which children of different ages were asked r 
squeeze a balloon when a red electric bulb lit up. For children 9 
two to two and a half years, the verbal instruction acts as a release 
mechanism. They start t 


the signal is given, they squeeze the balloon repeatedly. The com- 
mands “enough” and 


squeezing or, for some children, in complete inhibition. Children s 
own verbal command to inhibi 
trained by having a bell ring 


: ative feedback). However, Las 
persistence is easily controlled by children three and a half to fou 
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and is later converted into a rule (‘for the red light I squeeze but 
for the green light I don’t’), and by four and a half to five years it 
acquires all the features of mediative speech, conscious and sys- 
tematized activity.” 

This regulatory function is clearly an expression of symbol 
manipulation, which allows the child to interchange sets. 

The child with cultural-familial retardation resembles the normal 
child during the periods when Hofstaetters Factors I and II are 
dominant. Because the structures which would make the higher 
mental processes possible are inadequately developed, such a child 
is unable to make successful choices and to behave in a flexible 
Manner. On the other hand, some children who seem slow in the 
first years may be well endowed in these structures, which will 
mature later, so that they will in time demonstrate surprising in- 
tellectual growth. Retarded children as a group are most clearly 
deficient in respect to Hofstaetters Factor III. Thus Thompson and 

agaret (1947), who matched several hundred mentally retarded 
children with the Terman-Merrill standardization groups of the 
Same mental ages, found that the retarded children were signifi- 
cantly lower in performance on those items which are most sat- 
Urated with MeNemar's first factor, which he identified as g. 


Role of the Mother as an Inhibitory Agent. The mother, in her 


relationship to the child, plays different biological roles according 
to the stage of the child’s development. Here we wish to explore 
Yer role during the infancy period. . 

In the infant-mother dyad, the mother or her surrogate is more 
than a resource for the infant’s basic needs of food, warmth, shel- 
ter, and cleansing, more even than a resource for love and social 
earning; she is also an important resource for stimulations which 
are he infant's still inadequate inhibitory capac- 
ities. At birth the human organism is remarkably ill equipped to 
COpe with the variations and excitations of its new environment. 
t is a subcortical creature, which is in danger of going into shock 
through overreacting to powerful or unexpected stimuli, because 
it lacks the means for modulation of behavior which is made pos- 
sible by development of cortical control. The role of the higher 
Structures is played by the mother; she is the child's auxiliary cor- 


àn essential aid to t 
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tex. She does this through various acts of tactile stimulation and 
handling which are included in the pattern of mothering, such as 
cuddling, stroking, shifting positions, and grooming. These Serve p? 
reduce overreaction and to mobilize the infant's inhibitory capacity. 
The emotionally healthy mother performs these acts or their equiva- 
lents spontaneously. For example, the infant at birth responds to 4 
sudden noise with the Moro reflex and startle reactions. The psy- 
chological component of the startle reaction is fright. (In pee 
the reaction is often called the Shreck [fright] reflex.) A responsiv 
mother reacts smoothly and quickly to the stimulus of the er 
noise by making gentle physical contact with the infant, with x n 
tent to diminish its reaction. When the reaction has already ta i " 
place, she will perform any one of a number of acts which hepi 

relax the infant, such as rocking it, stroking it, uttering "— 
phrases, or placing her hand on the infant's body. McGraw ee 
found that the Moro reflex increases in intensity during the E. 
four weeks of the infant's life, and then constantly diminishes k 
cortical inhibition develops, until finally only a jerk takes p 
She says: "After ultimate development is achieved . . . the cor! a 
is definitely engaged practically at the instant of the startling ES. 
ulation and cortical inquiry as to the meaning of the e 
stimulation serves to restrict the nuclear aspect of the reactio 

(McGraw, 1946). m i 

Thus, although the mechanism for the reflex remains functiona» 
with increasing maturation it is more and more effectively checkes 
by inhibitory action, Before this development has taken place, E 
infant is dependent on its mother's intervention to provide stimu. 
which will lead to inhibition by another route. 

Ribble (1944) found two prevalent reactions characteristic of s 
sample of 600 infants who suffered from inadequate mothering? 
regression and negativism. In regression there is a condition whi 5 À 
resembles marasmus, with “lethargy and loss of muscle tone”; 1? 
negativism, on the contrary, there is “rigidity of the body muscula- 
ture, the arms and legs resist extension, and the torso is arche 
slightly backward.” She Teports that the latter condition is 2° 
companied by failure to assimilate food, breath holding, and violent 
and implacable screaming. Such negativism represents overreaC 
tion, and includes many components of the pattern of the startle 
reactions. Although Ribble interprets inadequate mothering as i? 
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sufficient stimulation, a review of her material clearly indicates that 
What is lacking is not stimulation as excitation, but as a source of 
regulation and control. For example, in 10 percent of the infants 
she reports the occurrence of irregular breathing which was further 
disturbed “by every readjustment" Handling by inexperienced 
Nurses or mothers, as well as no handling, could bring about a 
"pathological degree of irregularity." In other words, the mother 
9r nurse must perform those kinds of acts which will regulate breath- 
ing. Also, 10 percent of the babies showed exaggerated sucking 
activity at birth, sucking their fingers, tongue, and lips. In these 
Infants, excessive tension was also usually noticed in the muscula- 
ture of the entire body. Restriction of sucking by physically tying 
down the infant's arms would result in either the regressive pat- 
tern, so that the child entered a stuporous state, or the negative 
Pattern, with spasmodic crying. However, the excessive activity 
could be successfully controlled by "gently stroking the head or by 
holding the infant in the arms for a short period at regular intervals 
and rocking him with a gentle rhythmic motion. These procedures 
teduced the , . . tension in all except a few particularly exag- 
§erated cases, Lowering the head at regular intervals and lowering 
the head of the bed during sleep were also effective.” 

Everyone recognizes that tactile stimulation of the kind which 
the mother administers is somehow pacifying. Brunton referred to 
t is as a specifically inhibitory effect in his pioneering essay on 
inhibition; 

The injured child which if left to itself will continue to scream for 
a long time may be quickly soothed by a few soft touches of the mother’s 

ands or lips on the bruised part, with a few soft words of the mother’s 
Voice, , . . The mother's soothing tones alone might calm the child, but 
€xperience shows that they are greatly aided by the local soothing 
impression on the injured part. . - - I think we have here a stimulus of 
One kind counteracting the effect of another of a different sort, and 
Preventing its usual results, thus giving us an instance of inhibition in 
the higher nervous centres, just as irritation of the frog's toe in Goltz's 
Experiment prevented it from uttering a croak of contentment when its 

ack was stroked (Brunton, 1874, p. 218 E. 


The point which needs emphasis is that the mother or a sub- 
Stitute is essential as a source of inhibition-stimulation for the in- 
fant, and that in the absence of such stimulation physical matura- 


308 Choice: The Central Problem of Psychology 


tion alone does not suffice to insure satisfactory development z E 
nervous organization. Orderly auditory perception, for hee 
only possible if the brain can achieve effective inhibition E a 
auditory stimulation. Before the infant can do this on its a A 
can be helped, by tactile stimulation of a mothering sort, o. 
hibit other Sensory stimuli more effectively. Without ed 
infant is in danger of being overwhelmed by environmenta pd 
ulation. Lois Murphy (1961) found, in a longitudinal study pde is 
development of coping behavior, that “infantile oral gratifica wis 
significantly related to clarity of perception among the pe ndi 
variables and negatively related to loss of perceptual clarity p dex 
stress.” Undoubtedly, infantile oral gratification is itself an in 
of adequate mothering. in the 
It is possible that an element of brain defect is present In 
etiology of the extre 
Ribble. This would mean that such s 
those children who, bei 


to inhibition which could be furnished b 


tive 
adult females. The somewhat i we 
such cues, and as a result it does no 


ut Del, who was defective, had a greater nee 
ry controls. 
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i Life Space. The inadequacy of the infanťs inhibitory controls 
Is supplemented not only by the maternal acts already discussed 
but also by the manipulation of the life space. It is in the examina- 
tion of the life space that the field theorists have made their most 
Important contribution to the problems of inhibition. For Lewin 
(1935), as the child passes through the series of developmental 
Stages, there is an increasing differentiation and multiplication of 
PSychical systems." Behavior becomes more and more highly or- 
Sanized into hierarchical systems under the influence of a series 
of Controls, operating at different levels. These controls are con- 
Ceptualized as boundaries of psychical areas. In a series of topo- 
9gical models, the boundaries are represented as becoming more 
and more firm with increasing age, while the number of psychical 
Systems simultaneously increases. The "segregation of areas," their 
Organization into “hierarchical systems," and the "increase in firm- 
ness of the boundaries” can all be recognized as formulations of a 
Ypothetical inhibition construct. The controlling boundaries are 
SScribed as being weak in the child, so that they easily break 
Own under stress, causing regression to a more primitive level of 
ehavior corresponding to an earlier stage of development (Barker, 
Dembo, & Lewin, 1943). 

That the character of the life space in which the infant finds him- 
Self helps to determine the ways in which he behaves is a truism; 
Sur intention here is to point out some of the features of the physi- 
cal environment which can help the infant to exercise sufficient 
inhibitory control, or which may impede this control. Insight into 
this problem is furnished by the behavior of disturbed and brain- 
Injured children. 

Tony, a three-year-old, thin, and with fine, almost imperceptible 
Movements of his hands, is called an “anxious” child by his nursery 
School teacher, He often can be found “hiding” in a small curtained- 
off hide-away under the sink. This behavior has been interpreted 
as a “return to the womb,” in which the child may recapture the 
‘Oceanic feeling” (Freud, 1920; Fenichel, 1945). Those who hold this 
View suggest that the fetus in the womb enjoys a state of power, 
Since “gratification follows upon the mere experiencing of a need” 

Fox, 1954), One may well question whether the fetus has the 
Mechanisms to enjoy this state, as one may also doubt its freedom 
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from difficulties during this period, in view of the high rate of mor- 
tality in the womb. However, there is no question that many chil- 
dren like Tony are momentarily relaxed when they enter a smaller 
space. For any organism, there needs to be a proper concordance 
established between physiological capacities to cope with increased 
stimulation—that is, to inhibit and disinhibit the flux of stimulation 
—and the intensity of stimulation impinging. (Compare the anal- 
ogous statement of the Freudian position by Fox, 1954.) Through 
each stage of its development, the child is constantly increasing 
his capacity to make choices and to inhibit the alternatives, but if 
he is thrust into a situation beyond his physiological potential he is 
n danger of being overwhelmed. At such times, it is a healthy act 
for him to retreat to a space in which the intensity of stimulation 
will be muted. (Compare Lois Murphy, 1961.) The brain-injured 
child, as compared to his age peer, has less inhibitory capacity. He 
tends in consequence to be impulsive and stimulus-bound. As he 
grows older, he often learns to withdraw, and such withdrawal 
cannot be considered pathological. It is a method of reducing the 
stimulation which his own inadequate physiological organization 
aoe adequately handle. In a classroom for retarded children, ! 
the furniture is freely movable, and the atmosphere permissive, one 
may observe a child Spontaneously turn his chair to face agains 
the wall and so reduce what is for him excessive stimulation. 

in discussing the development of consciousness 


e interprets the action of the perceptual 
Shield" which functions as a “special € 
stant to stimuli.” 
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quacy of cortical control leads to their overextending themselves, 
thus leading to increased disorganization, or reduction in mastery 
for the child. The nursery school teacher recognizes the value of 
Small spaces, She allows her children to play in large open play- 
grounds for only a limited time, since otherwise she is in danger 
of having a group of overstimulated children whose play is on a 
relatively primitive level. To develop creative play, she brings her 
group either into a smaller indoor room, or into a smaller outdoor 
Yard where the children will be able to devote themselves to the 
easel, the playhouse, or other creative materials. Healthy children 
Who are obviously not suffering from anxiety or any form of or- 
Sanic disorder delight in playing in small curtained-off areas. The 
Indian tepee, the underground hide-out, or cave, the table draped 
With a blanket, are highly attractive play spots. In them, the child 
Experiences a feeling of secret power. And this is true, for in them 
e is Oversupplied with the necessary inhibitory controls, which 
elsewhere are in short supply; he is master of his limited universe. 
Tt would also appear that institutionalized children frequently 
Suffer not only from maternal deprivation, but from the effects of 
“ing in too large a space and from being exposed to distant stimu- 
ation. Those who are relatively richly endowed may succeed in 
achieving sufficient control of their environment. (Charlie Chaplin, 
Orphan and artist, has depicted in symbolic form the vast emptiness 
of the Space in which he lived as such a child, and the constant 
idden dangers which were lurking about him, as in the memorable 
Scene in which he walks down a lonely road while a bear of which 
d is not aware trots at his heels.) Rheingold (1960) has compared 
hig caretaking activities which occur in a normal home with those 
tid. apparently excellent institution for foundling children. The 
th Y is concerned with maternal activities, but data are given on 
ah location of infants and the number of adults in the room. Infants 
ae me spend 80 percent of their time in a small room, while in- 
tem infants spend nearly all of their time in the common 
zn Which is larger than the entire apartment of the home child. 
5 uring 60 percent of the time two or more adults are moving 
SM this large room, caring for the various infants to be sure, but 
chia 2 5 percent of the time is an adult within six feet of a given 
^ Although this study was not concerned with behavioral de- 
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velopment, certain data are reported which may be correlated with 
later development. For example, the home children slept more and 
vocalized more, and they spent less time with a bottle in their 
mouths. It is not possible to partial out the effects of mothering 
practices and of the spatial arrangements, but certainly the latter 
factor also needs to be considered in accounting for the poor show- 
ing of institutional children as a group. 


Down's Syndrome. This condition (which is also called congenital 
acromicria) was first described by Langdon Down (1866), who un- 
fortunately and incorrectly related it to Mongolian physical charac- 
teristics. The syndrome provides instructive examples of how an 
early developmental anomaly may entail serious consequences in 
later stages, and of how developmental pathology in the central 
nervous system may determine specific behavioral changes other 
than loss of intelligence. Recent research (Lejeune, Gautier, & Tur- 
pin, 1959; Penrose, Ellis, & Delhanty, 1960) indicates that it is as- 
sociated with anomalies in the early chromosomal structure, in- 
volving faulty disjunction of the 21st or 22nd chromosome. After 
about five weeks of apparently normal embryological growth, ab- 
normalities due to a defect in central growth regulation begin to ap- 
pear "in manifest dyschronism and deceleration of differentiation 
and development (heart, hands, eyes, brain, general growth)" 
(Benda, 1960). As development proceeds, some phases progress 
normally, but others are seriously disrupted. We are reminded of 
Sherrington's (1951) description of the importance of timing in the 
development of the nervous system: "In that great multitudinous 
dance which we have traced, if things are to go right for the finale, 
the evolutions of the part figures must keep step, or certain partners 
may arrive late at certain places for partners who will then already 
have moved on." 


Benda (1946) compares the developmental history of the child 
with Down’ 


personality or behavioral patterns, At birth, though the infant may 
be full term, it resembles a fetus in many respects. The deceleration 
is uneven, affecting some organ systems more than others, and the 
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number of organic signs varies from child to child. Some authors 
have therefore taken the position that the pathology of Down's 
Syndrome is nonspecific (Malamud and Bailey, in personal com- 
munication to Masland, 1958). However, that we are dealing with 
à true syndrome is indicated by the fact that the signs in the syn- 
drome are never reversed (Schmid, Lee, & Smith, 1961). T. he nose 
for example may not be depressed, but it is never beaked; the hand 
may not be broad and pudgy, but it is never slender. Benda (1960) 
finds that the abnormalities do follow a pattern which has been over- 
looked through failure to give “due recognition . . . to the problem 
of the time factor in development and developmental pathology." 

Benda studied about fifty spinal cords and more than eighty 
brains, from patients ranging in age from two days to sixty years. 
4e found a consistent pattern of pathology, with variations in loca- 
tion and degree. He concluded that “we deal here with the pri- 
Mary failure of the nervous system to differentiate and grow. The 
Original Anlage does not appear abnormal, but at the same time 
that the other body organs failed to differentiate normally the brain 
Was affected in a similar way. The anomalies in the cerebellum, 
Sspecially the tuber flocculus, are the most striking evidence of this 
arrest of differentiation." Benda's published photographs illustrate 
the disorder in architectonics, with a persistence of infantile pat- 
tems and underdevelopment of myelination on the one hand, and 
9n the other, a disintegration and degeneration of nerve cells and 
myelination which had already been normal. This failure to grow 


Ei Opment between twenty and thir 
development, they usually reac 1 ; 

"t do not reach full sexual maturity. There are rare instances O 
S lldbearing by women patients, but the sperms are underdeveloped 
s men, and menstruation late or absent in the women (Stearns, 


314 Choice: The Central Problem of Psychology 


Droulard, & Sahhar, 1960). In mental development, they only 
consolidate what the normal child achieves during early childhood. 
‘The average mature individual with Down's syndrome has a men- 
tal structure which resembles that of a child approximately four 
years old, even when he tests somewhat higher. It is true that his 
abilities are much more expanded, and he can do things which 
are not possible for a normal six-year-old, but he cannot reason on 
the abstract levels as well as the child of four or five, and he is out- 
standingly rigid and stubborn. 


Roy is a 19-year-old boy with classical stigmata of Down's syndrome 
and an IQ of 45 on the Stanford-Binet. He is extremely polite, in fact 
courtly in his behavior, especially towards women, bowing deeply; 
kissing their hands, and saying: “You are beautiful.” This he learne¢ 
from a moving picture seen when he was 12. He plays the accordion, 19 
able to do second grade and some third grade school work, and is 
very proud of his spelling. On occasion he will successfully perform 
three-place subtractions. This is obviously a meaningless exercise oF 
him, since he cannot make simple change, although he does use pu lic 
transportation and makes purchases at reliable stores. He insists OP 
tying his shoelaces and his necktie and buckling his trouser belt t0 
tight. In warm weather he suffers from this, but someone else has t9 
loosen these items for him. He was informed one day that he woul 
be taken to “college” (for a demonstration visit) on a ‘Thursday. put 
how he formed the idea that Wednesday was the day. No one coul 
persuade him differently, even after the hour for the appointment ha 
passed. (He can read time.) On both Wednesday and Thursday, he 


persisted, “The Doctor say he take me on Wednesday, at 10 dieloc™ 
I know. When I know, I know.” j 


This stubborn assertion by Roy is almost like a declaration that 
"what he lacks is not the ability to form associative bonds. And i 
deed, his first demonstration visit to college, which had been f 
high point in his experience, had taken place on a Wednesday ° 
the previous semester! Perhaps it was easier for him to retain ai 
association than to set it aside, to make way for another. ie 

In teaching these patients academic subjects, progress for bri? 
periods seems most rewarding, but disillusionment follows whe? 
it all has to be done over again. Something of the same sort ma) 
happen with the normal child, but the great difference in degr 
permits better analysis of the phenomenon in the retarded chile 
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The rote learning which such a child accomplishes deteriorates, per- 
haps because of interfering associations, in the absence of insight 
learning. Insight learning, however, requires a higher degree of 
structuralization, with more active checks and balances based on 
inhibitory functions, Rote learning is like the building of an adobe 
sy in which only the simplest form of balance is employed to 
eep one brick on another. An overly ambitious adobe house will 
collapse. Insight learning, on the contrary, is like a structure in 
which the principle of thrusts and counterthrusts has been applied, 
by incorporating pillars and crossbeams into the structure. The 
higher the level of inhibitory controls, of thrusts and counterthrusts, 
the higher the level of structuralization which can be achieved, as 
Seen in the Gothic cathedral or the modern skyscraper where the 
rote” material of brick on brick assembly serves only to provide 
a curtain or protector from the elements, but plays no supporting 
Part in the structure. 

In their social development, these patients contrast sharply with 
autistic children, whose mothers complain that they cannot get 
close to them. Here the reverse is true. These children are out- 
Standingly sociable. They are usually affectionate, cuddly, and 
amiable. They are fun-loving, enjoy dances and all kinds of parties, 
and are protective of one another, Further evidence of their social 
responsiveness is that they have a delightful ability at mimicry. 
: his picture of the patient with Down's syndrome is drawn from 
individuals living in the community. But even in the institution, 
their mimicry and affectionate nature are clearly evident and 
9ften mentioned (Benda, 1946). Butterfield (1961) describes a 36- 
year-old patient newly admitted to an institution who, with a men- 
tal age of five (IQ 28, on the Stanford-Binet), was able to “play 

e piano” (as Roy played the accordion), do housework for his 
Mother, write legibly, pay bills, and run errands. This was inter- 
Preted as overachievement in terms of the expected level of per- 
formance with this intelligence, but this is questionable. All of this 
ehavior is possible for a normal five-year-old boy who has been 
ee for many years, as this patient had been, by a devoted 
Cacher (his mother). Our patient, Roy, was trained for over ten years 
On early school work. What is remarkable is t 

se patients remains healthy. It is precisely fo 


hat the personality of 
r this reason that 
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they furnish such good material for understanding the full patena 
tial of an early stage of functioning. Just as the anencephalic 2152 
fant studied by Gamper can be used to illustrate the capacity for 
motor behavior which is ordinarily inhibited by later developments, 
so here there is an opportunity to witness the fuller development dt 
the potentials present at an early developmental stage, when wa 
are not brought under the inhibitory control of more develope 
processes. ‘ 
Earlier in this chapter, reference was made to a factor aa 
of childhood intellectual functioning by Hofstaetter (1954). Tete 
be recalled that Factor III, which was identified with e 
g, began to come into prominence during the fourth year, while 
Factor II, called “persistence,” disappeared at about that time. 
Factor II was related by Hofstaetter to the “negativism” of e 
two-and-a-half-year-old. The combination of stubbornness 4? 
ritualism in patients with Down's syndrome, along with their low 
level of conceptual thinking, places them at the mental stage oo 
parable to that of a normal child below four years of age. An inter- 
esting confirmation of this is furnished by Benda’s analysis of their 
ability at mimicry, The talent of mimicry is quite marked in these 
children; it also occurs in other forms of severe mental retardation 
where the personality remains healthy, such as microcepha T 
These children go through all the gestures of playing pool, bow" 
ing, or doing a square dance, like a group of playful clowns. AK, 
a seventeen-year-old patient with Down's syndrome, has a rat ber 
flattering way of saying, "Ahhhh! Yesss!” to a speaker, as though he 


were congratulating him on making a very neat point. Benda 1€ 
minds us: 


Everyone familiar with child psychology knows that mimicry is t° 
outstanding characteristic of a normal child between two an ae 
Time and again parents are delighted and proud to see their infan 
child observe certain peculiarities of his surroundings and copy them 
with great facility, but discover that the child is quite unable to d 
the cpu thing a year later. The faculty of mimicry is a most importa? 
asset in early childhood, and no normal infant would learn to talk OF 
eat and behave without an inborn aptitude for mimicry. The faculty 
of mimicry in the mongoloid is, therefore, not a character trait of ó 
A but a manifestation of his protracted infancy (Benda, 195 
p. 67). 
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j A stage of development which lasts for approximately two years 
in the normal child, and which is terminated by the achievement 
of inhibitory controls which actually check such free mimicry, is 
here prolonged into adolescence. The child with Down's syndrome 
may learn many complicated acts by rote, but he stays on a level 
in which persistence and mimicry are dominant. Because of in- 
hibitory deficiencies, he is unable to advance in plasticity of be- 
havior, If he were to do so, the factors leading to such persistence 
and mimicry would first have to come under the control of the 
Processes needed for symbol manipulation. These processes, which 
Would make possible his entry into the next stage of intellectual 
development, with its greatly increased plasticity of behavior, 
are either absent or they cannot be released for functioning. How- 
ever, this serves to clarify what happens in the normal child. 
Tn the fourth year, as the ability to manipulate symbols manifests 
itself, it precipitates a reorganization of the child’s mental struc- 
ture, and with it, of his personality structure. In the new struc- 
ture, mimicry and persistence are brought under the inhibitory 
Control of higher thought processes. Certainly, mimicry is not com- 
pletely suppressed in any of us, but it occupies a greatly reduced 
Position in the more intricate patterning of symbolic functions in 
the average individual. 
tt is often supposed that the social development of these pa- 
tients reaches a higher level than their intellectual functioning. But 
there is a real question whether this, too, is not just the fuller ex- 
Pression of a social stage which belongs to the psychosexual de- 
velopment of a child of three to four years, a period when the de- 
Pendency needs of the oral stage are still freely expressed, along 
With the aggression and withholding of the anal stage, while the 
Phallic stage with its concern for others is just beginning to become 
Manifest, 

Another intriguing aspect of the 
Ens syndrome is the marked and 

alertness and muscle tone. Benda (1960) reports that babies of 

ee to six months have fought so strenuously against being X- 
"'ayed, that three people were needed to hold them down. And yet 


© outstanding characteristic of the baby with this syndrome is his 
hotographs of a one- 


flaccidity| Ingalls (1952) reproduces two p 


functioning of the child with 
sudden alternations in his level 
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year-old child, taken minutes apart. In the first, there is a happy 
and bright looking youngster, and in the legend the mother is 
quoted as saying, “Hope.” In the second, there is the classical pic- 
ture of a droopy, dull-looking child with protruding tongue; here 
the mother says, “Mongoloid.” This alternation is typical, although 
those acquainted with these children only through the literature 
and the usual published photographs know them only as sluggish 
and retarded, walking on a wide base or sitting like vegetables. 
When seen in the community, they can be observed to alternate 
between moments in which their apparent intelligence is even e 
low the tested score, giving rise to the erroneous designation 0 
"idiot," and those in which the level appears to be much higher 
than expected, leading their parents to believe that school authori- 
ties have unjustly excluded their children from educational n 
vantages. The following observation of Jan, a 9-year-old girl with 
devoted parents, attending a special school, is typical. 


Jan was found sitting on the corridor pavement near the doorway d 
her schoolroom, with her legs thrust before her, eyes glazed, jaw 
hanging, and tongue protruding. When greeted by P, the visiting PY, 
chologist, there was no response. Five minutes later, she slowly hoist 
herself and came running to the psychologist. With a lively gleam m 
her eyes, she started to swarm over P, kissing and demanding affection 
She spied the carom table out in the courtyard, dragged P to it am 
dislodged the child who was there, grabbing the cue stick from Es 
She then proceeded to show off her skill at this game, approximating 
with clownish grace the movements of a billiard player. Jan approximate 
the skilled movements, but of course did not perform them. Thess 
children have great difficulty in simple acts of hand coordination. 


These sharp 


: : f 
i alternations of innervation and enervation, as also ° 
attention and inattention, as if these were all-or-none states, SUE 


gest not only that the inhibitions needed for finer modulations 21? 
defective, but also that the dis- 


which these patients sometimes exhibit, in spite of a generalize 
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state of hypotonia. Here, a parallel may be drawn with the develop- 
ment of prehension in normal children. The neonate has a grasp re- 
flex so powerful that it can sustain its own weight, but it cannot 
voluntarily release its grasp, although it cries in obvious discomfort 
throughout the act (McGraw, 1940). When cortical development has 
progressed to the point that the child can inhibit the grasp reflex, he 
also loses the power to sustain his weight. The hypotonia of Down's 
syndrome implicates the cerebellum, which is consistent with 
Benda’s finding of extensive cerebellar pathology. Cerebellar pa- 
thology in man gives rise to grave disturbances of skilled move- 
Ments, and an enduring hypotonia (J. D. French, 1960). The hypo- 
tonia presumably arises from a failure of facilitation, but defective 
inhibition is also indicated in the poor muscle coordination and the 
lack of feedback during the periods of heightened muscular tonus. 

he normal infant can crawl or climb a flight of stairs more easily 
than descend. This is also true of the child with Down's syndrome, 
$ven when as well developed as Roy, who walks up a flight of 
Stairs with relative ease, placing his feet alternately on the treads, 

ut descends cautiously, placing two feet on each tread before 
Proceeding to the next. Much greater inhibitory control is needed 
to modulate the pull of gravity when working with it, than to main- 
tain a tonic pull against it. The car is not much in need of brakes 
when going uphill, but it must have them when going downhill, or 
Court disaster. 

Prevalence of Organic Defect. Much recent evidence indicates 
that it is the rule rather than the exception for anomalies in brain 
development or some degree of brain injury to be present in each 
individual, For most, this defect, like the imperfections which the 
apanese potter exploits to give greater meaning to his art object, 
Only lends greater individuality to their basic personalities, though 
it may also plague their surgeons if a need for surgery should arise. 


awi and Pasamanick (1959) hypothesize that there is a “continuum 
of reproductive casualties” extending from fetal deaths to behavior 


disorders and reading difficulties. Mild symptoms are so common 
In infants that pediatricians tend to disregard them, and even 
Neurologists usually depreciate their importance, Tremors, slight 
Choreic movements, sudden spasms, even seizures, are expected to 
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pass with no residue of ill effect. However, minor injuries which are 
unnoticed in infancy may result in a degree of stress which has 
noticeable consequences in a later period. Stuttering, awkwardness, 
impetuosity, and undue anxiety are only some of a long list of pos- 
sible consequences. The more severe insults to the brain are recog- 
nized as cerebral palsy, aphasia, epilepsy, or character and per- 
sonality disorders. In all of these, a breakdown in the normal proc- 
esses of inhibition and disinhibition may be accompanied by more 
or less loss of intellectual potential. When lesions of any extent 
are present, more knowledgeable techniques than uninstructed 
mothering are necessary to supplement the inadequacies of the 
growing child's system of inhibitory controls. Chemotherapy, physio- 
therapy, psychotherapy, and educational therapy all play their parts: 
The form which the disturbances take depends, of course, on the 
affected areas of the brain, and the child's developmental stage 
(Pevzner, 1961). 

Seizures are the clearest indication of inhibitory defect. Approxi- 
mately 15 percent of those in institutions for the mentally retarded 
have convulsive disorders (Yannett, 1945), and this does not in 
clude those who have histories of rare seizures, Nevertheless, it i$ 
not the frequency of convulsive behavior which should surprise u$ 
so much as the fact that it does not occur more often. As Jug 
(1954) states it, it is appropriate to wonder “why all normals are not 
epileptic. Why the enormous synaptic powder barrel we carry i? 
our heads does not explode in a fit, although the potential energy 30* 
epileptic discharge is certainly present in all of us.” The implication 
is that convulsions do not occur under normal conditions because 0 
the effectiveness of ongoing inhibitory processes, If this is true 
then convulsions would be expected much more frequently in chile 
hood, first because of the immaturity of the neural processes whi 
control behavior, and second, because of the recurrent reorganiza- 
tion of patterns of control, which makes the child more vulnerable 
to stress as it moves from one developmental stage to the next. This 
is indeed the case. Epilepsy is predominantly a childhood and ado" 
lescent disorder. Convulsions are so common in infancy and child- 
hood illnesses that some pediatricians take the attitude that they ave 
the equivalent of a chill in an adult-and perhaps a chill is a mino” 
convulsion. Douglas Thom (1942) found that 7 percent of childre? 
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have one or more convulsions during their first five years of life; 
an the large Craig Colony for Epileptics in New York, the highest 
incidence of epilepsy occurred in children under five (Wallin, 
1949), and Lennox (1960) reports, from a survey of many hundreds 
of case histories, that the onset of seizures occurred in 38 percent of 
the cases, whether grand mal or petit mal, before the patient was 
five years old. The onset of seizures occurred after the age of twenty- 
nine in only 1 percent of petit mal cases and 8 percent of grand mal 
Cases, Gibbs (1958) states that EEG abnormality is largely age de- 
termined, the locus shifting in a way which helps to demonstrate 
the restructuring of cortical activity which takes place with age. 
9r example, occipital spikes are the most common focal ab- 
normality of infancy, but they disappear in 40 percent of the cases 
by the time the child is ten. Of the remaining cases, half develop 
a focus in the occipito-temporal or mid-temporal areas, and this in 
turn tends to disappear by the age of fifteen. Gibbs finds that the 
mid-tempora] lobe focus is the most prevalent form in the school- 
Age child. It is the children with this focus who usually show ag- 
Bressiveness and hypermotility. It is also interesting that mice which 
are subject to audiogenic seizure are most susceptible during in- 
ancy and tend to outgrow this behavior as adults. 

Lennox (1960) quotes a statement by Russell that “It is simpler 
to think of all people as epileptics and regard the matter as one of 
thresholds.” This position is tenable, whether susceptibility is de- 
termined in large part by a genetic factor, or whether, as Gastaut 
and Fischer-Williams (1959) state, 95 percent of all epilepsy is of 
the Symptomatic type, based on an “anatomically recognizable 
Cerebral lesion.” 

Clinically, epileptic attacks tend to occur under two types of 
Situations, overstimulation and understimulation. The first is well 

nown, Individuals subject to attack are particularly prone to them 
Under conditions of stress, fatigue and surprise—even pleasant sur- 
Prise. On the other hand, Lennox (1960) states that “vacancy of 
mind is fuel for seizures of all kinds.” Boredom will induce seizures 
in petit mal patients; sufferers from epilepsy claim that they can 
Ward off an attack if they can keep busy with an intellectual task; 
and seizures are common during sleep, when cortical activity is 
8reatly reduced. Gibbs and Gibbs (1947) found seizure discharges, 
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as shown by EEG records, were twice as frequent during sleep 
as in waking periods. All types of seizure discharges were more 
common during sleep, but "discharges of the psychomotor types are 
particularly prone to be absent awake— present asleep." 


Forms of Palsy. A lesion in any part of the brain results un 
some form of cerebral paralysis (palsy). The term cerebral palsy is 
ordinarily used to designate what might better be called motor 
palsy, that is, those disorders arising from lesions of the central 
nervous system above the spinal level which show themselves in im- 
pairment of locomotor and manipulative control. It is useful to have 
a similar inclusive term to designate impairments of those abilities 
involved in integrating perceptual units and utilizing them in com- 
munication. We shall use the term perceptual palsy in this sense 
Thus, in perceptual palsy, the child may be handicapped in receiv- 
ing, storing, or using sensory information, although the sensory 0%- 
gans themselves are intact. Perceptual palsy, like motor cerebra 
palsy, takes different forms depending on the locus of the lesio”, 
its extent, and the developmental age at which it occurs. The 
aphasias are the forms of perceptual palsy which have been most 
intensively studied clinically. In parallel manner, the term viscera 
palsy might be applied to a third group of disorders, affecting the. 
regulation of the vegetative system. Such disorders can be identifie 
in the panic or “catastrophic response” which Goldstein (1942) 
finds characteristic of the brain injured, or in the sex offenses an 
other primitive responses which occur in the partial epilepsies (that 
is, epilepsy without loss of consciousness). Neurovegetative syMP” 
toms are common in all forms of epilepsy, but Lennox (1960) points 
out (following Penfield, 1930) that such symptomatology can be gon 
tral in origin and result in an epilepsy in its own right. Lesions 
of the “visceral brain” or limbic system, as contrasted with pen 
neocortex, generally lead to disturbances of emotional behaviot 
and the biological processes (MacLean, 1955). These three different 
forms of palsy do not occur singly, since all parts of the brain func 
tion interdependently, and a lesion which interferes with integ!?" 
tion in any area of behavior will have repercussions in the others 


Motor Cerebral Palsy. The interruption in the normal processes 
of inhibition and disinhibition can be observed unmistakeably i? 
motor palsy. The very effort of its victim to control his movement? 
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backfires, by imposing still greater burdens on his already inade- 
quate inhibitory apparatus. The unfortunate plight of the stutterer, 
whose greater effort leads only to perseveration of the bit of speech 
which had served all its purpose on its first activation, is too well 
known, The athetoid child, when he attempts to walk, gets involved 
in wide windmill-like thrashings of his limbs; and the child with 
ballism, when he undertakes to lift his arm, will not only fail to 
keep this movement within limits, but will also kick with his leg 
(Jung & Hassler, 1960). Incidentally, these all point to the validity 
of Mercier’s argument that (in the words of William James, 1890) 
no muscular contraction, once begun, would ever stop” without a 
Special inhibitory process. 

The normal child controls his movements merely by attention 
to the goal. The palsied child who must pay attention to the units 
of behavior is in the position of the centipede in the fable, whose 
feet got so badly tangled after he had been asked how he could man- 
age so many of them all at once. The palsied child has intact spinal 
reflexes, but the brain lesions have disrupted their orderly sequential 
Performance by disinhibitory release and subsequent inhibition, 
and his effort to integrate these acts on a level of awareness leaves 
him as confused as the centipede. The normal infant also had dif- 
ficulty in achieving control of his motor system, but for him matura- 
tion and the auxiliary controls of good mothering suffice. The 
Cerebral palsied child needs more skilled assistance. His inadequate 
inhibitory and disinhibitory controls can be supplemented by the 
ministrations of a physiotherapist, through a planned program of so- 
called muscle reeducation. This is essentially a program for the 
establishment of cerebral control over muscle action, by a process 
of substituting intentional inhibition for automatic inhibition. It is 
instructive to examine some of the steps in muscle reeducation 
from this point of view. The procedures discussed in the following 
Paragraphs constitute the now classical Phelps method, as de- 
Scribed by Egel (1948). 

Relaxation: Here the child is taught what not to do. He is in- 
structed to tense a muscle, to recognize this state, and then not to 
do it. It is an effort to teach inhibition of action, and this inhibition 
may be supported by the therapist’s use of light strokes, warm 
Water, or chemotherapy. 


Passive action: The therapist puts the muscles through the pat- 
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tern of movement without the child’s active participation in the 
act, but with his attention focussed on the muscle which he is to con- 
tract. The therapist points to the muscle involved in each move- 
ment. The purpose of this process is to have the child learn how 
to bring this muscle under voluntary control. In a field of general 
inhibition—that is, relaxation of all muscles—the designated one is to 
be disinhibited. The slightest little twitch is reinforced by the 
therapist's drawing attention to it. This is repeated over and over 
to establish it, 


inhibitory control while an effort is being made to establish it. 

In spasticity there is likely to be what is called "overflow"—that 
is, the opposite side is likely to perform the same act, If the child 
attempts to take a Spoon to his mouth with his right hand, the left 
hand will also go to his mouth, Clearly, the normal inhibition of 
contralateral actions is defective. A substitutive inhibition is estab- 


Another type of control is provided by the use of braces. These 
Serve not only as supports and for the correction of deformities; 
but also to restrict inappropriate movements. Angle joints restrict 
the plantar flexion of the foot in walking; knee caps prevent flexion 
Iecurvatum straps serve to Prevent hyperextension of the knees 
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use of highly skilled acts to control behavior after the child has 
reached ten years of age. The child who had difficulty in writing 
may then be taught to type, and the child who stumbled in walking 
may be taught to ride a bicycle or do ballet dancing. This is pos- 
Sible because at this age the child enters a new stage of develop- 
ment, when additional inhibitory controls become available. Teach- 
ets of the piano, for example, know that children under ten have 
difficulty in coordinating the two hands, while after that age even 
the beginning student can do this with relative ease. The im- 
` Portance of these higher controls becomes obvious in later life, 
When a great dancer may still perform with skill despite arthritis, 
or a painter like Goya can continue to paint his masterpieces de- 
Spite parkinsonism, 

Perceptual Palsy. The diagnosis of perceptual palsy is difficult. 
Tt has been confused with sensory defect, familial mental retarda- 
tion, emotional disturbance, and psychosis. There is considerable 
reluctance to diagnose organicity in the absence of positive neuro- 
ical signs, although such signs have motor and not perceptual 
character. Strauss and Lehtinen (1947) and Werner (1944) have paid 
Particular attention to children with visual perceptual difficulties. 
Strauss and Lehtinen selected for special study children with no 
&pparent motor involvement but a history indicating possible brain 

amage, who were exhibiting difficulties in learning and adjustment. 
On the basis of psychological tests they concluded that the dif- 
ficulties were largely determined by the child’s limited ability to 
Orm perceptual patterns. The point of departure for this work was 
the theoretical position previously developed by K. Goldstein (1939). 
is syndrome has come to be known as "the exogenous child." 
Strauss proposed that perceptual tests be used to diagnose or- 
Banicity even in the absence of the classical neurological signs, but 
this Suggestion meets with considerable opposition. (Cf. Sarason & 
Gladwin, 1958.) Tests useful for this purpose include flicker fusion, 
Various forms of figure-ground discrimination, the Bender Gestalt 
Test, the Marianne Frostig Developmental Test, the Ellis Visual De- 
Signs, and the Marble Form Board. Strauss and Kephart (1955) 
€mphasize the importance of the developmental process for a theo- 
retical understanding of the brain injured child. They state that be- 
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sides recognizing that “the organism operates as a whole . . . we 
must also consider the important question of the effect of the injury 
upon the development which is in progress and the effect upon the 
organism which will eventually result from the deviation of this 
development.” 

Actually, a high proportion of children with perceptual palsy a 
have either the usual neurological signs, or such signs of viscera 
palsy as belching, precipitate voiding, and failure of the bowels to 
evacuate; and they are typically hyperactive. Whenever hype! 
motility is present, brain injury can be suspected. Goldenberg 
(1955) found that the method of approach in making a design, as K 
the Marble Form Board, is a more sensitive psychological test 0 
brain injury than the finished product. In contrast to a normal child, 
the brain-injured child, even when he completes the design cor 
rectly, will jump abruptly from one part of the board to aan 
without completing a logical sequence. It should be remembere! 
that, to a lesser degree, impetuous behavior is characteristic of the 
normal child. The many tragic accidents which occur because ° 
the suddenness and unpredictability of the acts of children attest t 
this. No experienced guide will tolerate a young child in rattlesnake 
country, because the child's sudden movements elicit the snakes 
attack. (Wildlife is cued to respond swiftly to abrupt changes s 
visual patterns.) 

Many children who are at first suspected of being deaf are aC 
tually victims of what has been identified as receptive aphasia. The 
Child who receives auditory stimulation but is unable to organize 
it into stable perceptions is actually much worse off than the dea 
child who does not have to contend with a dysfunction. Myklebust 


(1957) makes the point that the congenit lly deaf child organizes 
his world and becomes “a: ten Anal 
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the activities which they arouse, when attending to either specified 
auditory stimulation or any other sensory stimulus. The deaf child 
must of course exercise central inhibition over reactions to discom- 
fort and to competing visual stimuli. He is probably more highly 
motivated than the normal child to inhibit extraneous stimuli in 
order to master his environment. This too indicates a relatively in- 
tact and healthy central nervous system. For the aphasic child, the 
situation is far more complex. For him, in contrast to the normal 
child, there is a loss of inhibitory capacity in the area of lesion, and 
as a result there is a tendency to overaction. The child with recep- 
tive aphasia is also typically distractible and impulsive. He is not a 
welcome pupil at the school for the hard of hearing. Myklebust, 
following Strauss, speaks of these children as being “disinhibited,” 
meaning thereby that they show a lack of inhibition. 

There is in receptive aphasia an inability to perceive auditory 
structure, to separate the auditory figure from the background of 
sound. A child so afflicted may appear to be deaf under most cir- 


cumstances, yet puzzle his parents because he occasionally responds 


to some faint sounds such as the tinkle of the distant ice-cream 


vendor’s bell, or the sound of the lid being placed on the cookie 
jar in another room. These children also experience a very loud 
sound as painful. It might be supposed that a soundproof room 
Which excludes all extraneous stimuli would be ideal for directing 
attention to given sound patterns, but pilot studies have demon- 
strated that such is not the case (Myklebust, 1957). Actually, it 
should not be expected. The same finding has been made for treat- 
ment of disturbances in organization of visual figure-ground fields. 
It is desirable to reduce extraneous stimuli, but not to eliminate 
them. The epileptic has seizures when he is deprived of sufficient 
stimulation, and the normal adult may have a psychotic episode 
When deprived of outside stimulation. It must be remembered that 
the aphasic child is a hearing child. Inadequate as his inhibitory con- 
trols may be for the modulation of auditory stimulation—as is seen 
by his overreaction to very loud sounds—they are not altogether 
absent, and it is in this function that learning must take place. It is 
not hearing which is his problem, but the patterning of sound, and 
the elimination of all extraneous sound does not give him the op- 
Portunity to practice the function in which he is deficient. 
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tor 

Visceral Palsy. Just as it is incorrect to speak of € of 
palsy in the singular, so it is true that there are ee organic 
visceral palsy. These range from severe chronically disabli E call 
lesions to temporary states which result from what E put 
with some extension of the usual meaning of the term, IO of the 
lesions. This phrase describes the reversible pv dp 
central nervous system which can be induced for a 1960). 
poses by the application of selected biochemicals age j atigue, 
The various substances which are released in states o causing 
anxiety, or emotional excitement act in much the same € also be 
à paralysis or overaction of normal functioning which pus A 
called a biochemical lesion, without undue strain on the me atho- 
that term. The origin of such lesions may be emotional P di as 
logical, and their effects may induce motor or d DE ray 
well as visceral palsy. They can be recognized in such "blocking; 
states of perceptual palsy as “narrowing of the field, he warning 
and “perseveration.” The fatigued driver fails to see t vemninatiol 
signal in his line of vision; the anxious student reads his go may 
question over and over without perceiving its ST ‘ons of & 
give rise to "freezing," or to defecation. Biochemical i; asi 
more malignant form result from various errors of metabo 7H" suffers 
galactosemia and phenylpyruvic oligophrenia. Any child wh coping 
from palsy can be expected to have special difficulty n NE 
with his environment and his impulses in periods when ne from 
carry the added load of a temporary biochemical lesion arising ofa 
emotional frustration or the like. Therefore psychotherapy his 
supportive kind will often be highly effective in reducing 
dysfunction, 

Visceral palsy may be either 
“catastrophic response” 
ondary effect, while Penfield’s ( 
lepsy” or the visceral seizures 
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the diencephalon in the seizures found in psychomotor epilepsy. 
They note that these formations have the lowest convulsive threshold 
of all cerebral structures. While neurological findings are likely to 
be negative in the intervals between attacks of psychomotor epilepsy 
and the EEG signs of epilepsy may be absent, behavior disorders 
are common (Gastaut, 1953). The possibility exists that children 
With behavior disorders involving distractibility, anxiety, fear, 
anger and bed wetting—the last of which was found by Michaels 
(1955) to be the most common symptom in delinquency—are, even 
in the absence of a positive EEG, victims of minor damage to struc- 
tures in or closely connected with the rhinencephalon and the dien- 
cephalon, The overaction of these structures will often be a conse- 
quence of interruption of inhibition normally exerted by higher 
Structures with which they are intimately connected. 

Among the children suffering from various aspects of visceral 
Palsy are the hyperkinetic, emotionally overreactive children who 
are poor learners even without being mentally retarded. They often 
come from good homes, and therefore their difficulties cannot be 
attributed to sociocultural factors. Their emotional overreaction 
May be expressed in sudden rage, overaggression, or even over- 
affection; in addition, enuresis, soiling, or compulsive eating are 
often present, These are the children who are so “familiar to educa- 
tors, maybe nauseatingly familiar when we consider what teachers 
Say about them” (Burks, 1958). These victims of palsy are the “very 

ad children,” the discipline problems who “refuse to learn.” Lois 
and Willy provide two contrasting examples. 
r-old, hyperactive, “mischievous” child who, when 
had already been excluded from two schools 
Juded from a third. She was a premature Rh 
ositive mother; the mother states that 
other had developed severe eclampsia. 
» The nurse commented on Lois hyperkinesis even while she was in 
the incubator, As an infant she was unable to assimilate milk and was 
‘ed on a concentrated protein diet. She is an obviously bright child as 
Judgeq by her conversation and test results. For example, she gave 

ree human responses of high form level to the first Rorschach card; 
to the last she said “Wow! Fourth of July.” On the WISC she had a 
Weighted score of 13 on Similarities, but 5 on the Picture Completions. 

OSt interesting is her overaffection. This is a most serious problem, as 

She cannot be trusted to go to school unattended. She readily makes 


Š Lois is a nine-yeai 
cen by the psychologist, 
and was about to be exc 
veERtive baby born to an Rh p 
irth was induced because the m 
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new friends with men, women, or children, hugging and kissing them, 
and often wanders off with them. 


A very different child belonging to this same category is Willy. A 
5 years of age Willy had no friends at all. His kindergarten teacher an 
his classmates found him “repulsive” because of his compulsive eating, 
He raided the children’s lockers for their snacks, and ate garbage ky 
of the waste can and chewing gum off the sidewalk. At the pou 
the testing session he led the examiner a merry chase through the Heal i 
Clinic room, where he turned up the flame on a hot water - 
switched on the sterilizer, then swirled into the bathroom to open re 
the water taps and flush the bowl. He was finally quieted, and va 
Rorschach was administered to him lying on a couch. The pa 
revealed both his explosive character and his potentially good e 
ligence. Willy was then seen at a child guidance clinic for six qe 
until the psychiatrist decided that progress was not sufficient to ju$ ea 
continuance. Three years later Willy was excluded from another EE 
mentary school when the principal found that the teacher (a naive E 
who had not read the case record) was suffering from a nervous ra 
down precipitated by Willy. At this time an EEG study was ioe 
had been recommended after the first examination, but the clinic ; ae 
not accepted the recommendation then.) The record showed "indicatio 
of psychomotor disturbance.” 


From these histories alone it might be imagined that both of 
these children were compensating, in different ways, because d 
had been deprived of affection. However, the indications in bot 
cases were against such a supposition, and this kind of explanation 
is also definitely excluded in the following case. 


Robin, a 15-year-old Negro boy who reads on a fourth grade level 
is another difficult 


Robin is sometimes Very good and polite, then all of a sudden F 


was in rehearsal, flippe 


clatter while he hallooed at the top of his lungs. He become “agy io 
he 


Robin had an undiagnosed illness when 
ran 9 
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high fever and was lethargic for several days. At this time it was learned 
that he had had repeated seizures up to the age of 4%. The pediatrician 
had assured his mother that he would outgrow them. He has had no 
More seizures since then, but periodically becomes involved in some 
antisocial behavior. He is always most contrite: “I don’t know why I 
do it, I don’t want to. Something just happens.” (C£. Geleerd, 1945.) 


Walter (1950) states that the EEG's of "very bad children" have 
more signs of immaturity than those of good children, so that the 
record of a 12 year old can be mistaken for that of a normal 
5 or 6 year old. He suggests that this results from unusually slow 
development of some cerebral functions, which shows itself, for 
example, in a persistent theta rhythm; as a consequence, the child 
1s unable to cope with his environment. Goldstein's explanation, in 
terms of the “catastrophic response,” is essentially similar. However, 
it seems probable that in cases such as these, it is not any anomaly 
9r any lesion which is responsible for these behavior disorders, but 
rather lesions of the limbic brain specifically. There is a basic simi- 
larity between these cases and the syndrome that Gastaut describes 
35 partial epilepsy. It would seem that here is a special type of 

eficit in inhibitory control, which involves paleocortical and sub- 
Cortical structures rather than the neocortex. Consequently, these 
disturbances are not inconsistent with intellectual capacities of 
Superior and even genius level. Such brilliant children, who have 
the possibility of attaining a higher level of cortical control, more 
easily succeed in stopping short of antisocial acts. Van Gogh was 
apparently such a victim of visceral (or partial) epilepsy: for a time 

€ was able to impose a discipline upon himself through the superb 
Cortical control which is also expressed in his art. ] 

Psychotherapy has been found to be of limited value in treating 
children, like Willy and Robin, with severe behavior disorders. 

Owever, the amphetamines have proved most helpful (Lindsley 
& Cutts, 1940; Lindsley & Henry, 1942; Walter, 1950; Lennox, 1960). 
n “early infantile autism” there are signs 
] palsy. The syndrome of this dis- 
(1943), who characterized it as 
ffective contact.” Kanner (1957) 
feebleminded because of emo- 


Early Infantile Autism. I 
of both perceptual and viscera 
Order was first identified by Kanner 
“an inborn autistic disturbance of a 
States that these children “appeat 
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tional interference with the unfolding of cognitive potentialities.” 
In the past, some neurologists diagnosed these children as deaf, be- 
cause of their failure to respond when spoken to. Many practising 
psychiatrists today regard the condition as a deep emotional dis- 
turbance or a psychosis occasioned by cold, rejecting mothers. Mar- 
garet Mahler (1952) doubts this latter hypothesis, and finds that the 
evidence suggests the presence of constitutional or organic factors: 
"It seems that such basic damage to the ego which results in m- 
fantile psychosis occurs in children who have a hereditary or C02- 
stitutional Anlage for it, or in whom an intrinsic factor is present. 
There are infants with an inherently defective tension-regulating 
apparatus which probably cannot be adequately compensated by 
either the most qualitatively or quantitatively efficient mothering: 
This intrinsic factor, we suggest, may be found in lesions in bo 
the limbic system and the higher structures necessary for cognitive 
functioning. 

The symptoms of this disorder include extensive disorganization 
of communication functions which are ordinarily ready to functio? 
during infancy. Touch is acutely involved, but so are the natively 
organized patterns of response to other human beings. Den 
(1938) found, for example, that the twin infants who were deprive 
of usual social stimulation still smiled at their poker-faced e 
tendants. The autistic infant does not so smile: it fails to respo" 
overtly or appropriately to the signals for the release of the earlies 
social behavior. The autistic child has an agnosia for signs which E 
ordinarily responded to by the healthy child. Mahler says: 
autistic infantile psychosis there are no signs of affective awareness 
of other human beings. Behavior which would point to affectiv^ 
perception of ministration coming from the mother—from the outsic? 
world—is absent. In the anamnesis of these children one finds an 
scriptions of the earliest behavior which betray that there was e 
anticipatory posture at nursing, 
specific smiling responses" (1952), 

She quotes one mother as saying: “He never greeted me whe? 
I entered, he never cried, he never even noticed when I left the 
room,” and another: “I never could reach my baby.” Like the chi 
with receptive aphasia, who overreacts to a loud noise, these cha 
dren overreact to social cues which are forced upon them throug” 


no reaching out gestures a? 


Inhibitory Deficit and Mental Handicap 833 


tactile stimulation, The case of Lotta demonstrates the failure to 
communicate and the overaction to social tactile stimulation: 


At the age of three-and-a-half, Lotta had no language, no gestural 
communication, no hand, mouth, and eye integration. She neither fed 
nor handled herself, and she showed a terrified startle reaction at any 
chance touch of or by another person. . . + However, Lotta’s habits 
Were compulsively neat, her motor and manipulative skills were age 
adequate, her knowledge of, her memory for, her static environment 
Were phenomenal (Mahler, 1952, p. 290). 


In summarizing her discussion of the "function" of autism, Mahler 
States: “In short, it seems as though these patients experience outer 
reality as an intolerable source of irritation, without specific or 
further qualification." s 

In the treatment of the autistic child, care must be exercised 
in the early stages not to express affection through human contact. 
While the warmth of the hand, gentle stroking and cuddling were 
Seen to be inhibitors of muscular tension for the normal child, the 
€xact opposite occurs with the autistic child. This is analogous to 
the increased motor discoordination of the cerebral motor palsied 
child when he attempts to control his movements, and the aphasic 
Child's violent reaction to very loud sounds. The partial successes 
Which have been achieved in the treatment of autistic children 
Suggest that the unexpressed functions are present, but lesions inter- 
fere with their normal exercise, SO that the cues for normal social 


avoidance of social symbols js most intriguing. Benda (1952) de- 
Scribes children who will pick blocks and cars out of a play box 
and leave the dolls and animals alone. "Even if able to express them- 
Selves so that one may have an idea of what is going on inside of 
them, they will use blocks as symbols of animals or men, rather than 
Use dolls for expressing their thoughts. Adult patients with brain 
injuries sometimes exhibit perceptual agnosias for surprisingly pre- 
Cise categories of phenomena. Nielsen (1951) describes one patient 
Who could perceive all animate objects but none that were in- 
animate, and another who could recognize inanimate objects, but 
not the eni The autistic child has a comparable defect. He 
li with competence, but can handle the 


Tesponds to nonsocial stimu c 
social only by responding to it as if it too were inanimate. “The 


334 Choice: The Central Problem of Psychology 


autistic child shoves away the hand that is in his way as he would 
a wooden block” (Mahler, 1952). E- 

Along with the perceptual signs, there are the very strong -— 
tions of visceral palsy. Lotta, for example, was extremely ae 
to visceral pain, had daily struggles over constipation and a “vu 
vovaginitis followed the first signs of her beginning to touch are 
self.” On the other hand, when she accidentally burned her mouta 
with an automobile cigarette lighter she showed no reaction to 

ain. 

i The panic responses of these children, when there is any ae = 
in an expected pattern, are startling. Their rote memory is P "d 
nomenal When they make a pattern of objects, no matter ho 4 
haphazard it may seem to be, it is remembered accurately. If any 
one disturbs this pattern, they will go into panic. 

Lily, a beautiful girl of five, with autism, finally made contact yc 
her nursery school teacher. Each morning she had to be greeted ko 
the set phrase, "Good morning, Lily. I am very, very glad to see Eph zi 
even one of the very's was omitted or another added, she would s 


P = age she 
to scream wildly. As soon as the expected salutation was given, 
became calm. 


This overaction to what might evoke a minor disturbance in a tl 
normal ritualistic child Suggests that those central processes iT 
volved in the mediation of the expression of rage, fear, and anxiety 
are too easily and too totally disinhibited, J 
Benda (1952) presents a group of cases of children with eary 
infantile autism, in all of which there is evidence of brain injury: 


He considers the possibility that there are three causes of autism: 
psychological trauma, childh i i is), 


Schain and Yannett (1960 


jl 
) studied 50 children at Southard Scho? 
who met Kanner's criteria o 


£ early infantile autism. They discover’ 
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Kanner's criteria, they suggest that either rare seizures are com- 
monly overlooked, or physicians reject the diagnosis of autism when 
Seizures also are present. They also suggest the possibility that the 
limbic System is the site of the cerebral abnormality which accounts 
for both the susceptibility to seizure and the severe affect disorder. 

There are interesting parallels between the “stubbornness” of the 
child with Down's syndrome and the *demand for sameness" of the 
autistic child, Both may be regarded as ritualists, and although the 
Store of things remembered is scant for the child with Down's 
Syndrome as compared to that of the child with infantile autism, 
in both cases what these children remember they retain with great 
tenacity, and usually as a result of a single exposure. The combina- 
tion of feats of memory and ritualism is also prominent in the mis- 
named idiot-savant, and K. Goldstein (1959) suggests that these 
children should also be regarded as cases of infantile autism. He 
Teports the case of a boy who could play the piano quite well, but 


it had to be the same piano, in the same room. In the case of the 


child with Down’s syndrome, we suggested that mental develop- 


ment was arrested at about the four-year stage. Can this hypothesis 
applied to the autistic child, who is often characterized as “in- 
telligent?” We believe it can be. Even though the autistic child may 
earn to read, may perform well on the piano, and do complicated 
arithmetic manipulations, he is remarkably deficient in his ability 
to Manipulate symbols, which is a different ability from that of 
identifying symbols, or naming symbols. Even the use of “yes” and 
1b,” how-to apply the first person pronoun D themselves, is 
learned with great difficulty. Such a child will say, He went home, 
when speaking of himself. This behavior can be interpreted as the 
Tesult of a specialized developmental arrest. — 

A similar combination of memory and ritualism, though less pro- 
DOunced. is often seen in normal three-year-olds, even in those who 
are destined to become superior adults. Parents are amazed at their 
ability to correct the slightest deviation in a bedtime story, and 
Sometimes they will select as their very own a particular glass or 
Spoon which to the uninitiated appears identical with its mates, and 
they will tolerate no substitution. This apparently phenomenal 
Memory for detail usually passes (like the talent for mimicry which 
Was discussed earlier) when the child becomes a four-year-old. We 
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therefore suggest the hypothesis that the rigidity of the autistic 
child, like that of the child with Down’s syndrome, is due to the fact 
that brain structures which are essential for the manipulation of 
symbols, and which ordinarily emerge during the fourth year, fail to 
become properly functional, However, in the case of the autistic 
child, with his more nearly intact brain, a high level of performance 
in respect to retentivity (as well as normal performance in many 
other respects) is possible. If this is true, then the autistic child 
provides us with another example (analogous to the Gamper child) 
of precocity in lower functions, due to the fact that they fail to 
come under the inhibitory control of the higher function which fails 
to develop. 

The problem why autistic children behave as they do is among 
the most intriguing in the whole field of personality study. What- 
ever solutions are finally reached, it would seem that they must 
include an evaluation of the nature of the inhibitory controls which 
are intact, as well as of those which are defective. 


The present chapter was written as an exercise to test the fruit- 
fulness of the inhibition construct in a particular area—mental re- 
tardation and mental defect. Inhibition was found to have implica- 
tions regarding the relation of the child to its social environment 
particularly its mother, as well as to its physical environment. By 
employing the construct, it was possible to arrive at an integrate 
conception of the sources of various symptoms and personality 
characteristics which are associated with different forms of menta 
handicap, such as impetuosity, seizures, motor and perceptual palsy, 
rigidity, infantilism and autistic behavior, These results offer prom- 
ise of new insights if not new pathways in the fields of personality; 
genetic psychology, and, of course, clinical psychology. 


THE INFLUENCE OF DRUGS ON 15 
BEHAVIOR 


F "n 
aon who are accustomed to thin. 
us it structure, the predictable altera: 
ults from the administration of certa 


k of behavior primarily as a 
tion of behavior which re- 
in drugs poses a difficult 


eg enough of their possibilitie 
Sed one drug to tame moun 


aved like mastiffs, and ano 


events are close enough to 


recognizable effects of known drugs to suggest that the Homeric 
account may not have been a pure figment of imagination, but 
Tather a poetic overstatement of actual experience. In various parts 
Of the world, men discovered the use of plant alkaloids (caffeine, 
Cocaine, mescaline; etc.) to induce euphoric moods; it is fitting that 
in India, the home of the Nirvana concept, physicians learned the 
use of the powdered root of Rauwolfia to bring their disturbed pa- 
tients a diferent form of release, which we now call tranquiliza- 
tion. Modern pharmacology has assembled this scattered knowl- 
edge, enriched it with a host of artificial derivatives, but has only 

egun to understand how it is that the drugs bring about these 


337 
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varied effects. An appreciation of the role of neural inhibition in 
the control of behavior has provided the first rational basis for inter- 
pretation of some of these phenomena. 

The key was given long ago: in vino veritas. It is immemorial 
tradition to loosen men's tongues with alcohol, and modern "truth 
serums" only continue this tradition with refinement of method. 
Anstie provided an additional hint when he observed that the ef- 
fects of chloroform and hashish, as well as those of alcohol, could 
be interpreted as due to interruption of higher controls over lower 
functions. In earlier chapters, we have seen how, again and again, 
in the work of Bernard, Heidenhain, Wedensky, Sherrington, and 
others, the effects of drugs provided clues as to the existence of an 
inhibitory process. The theory of chemical transmission of nerve 
impulses provided scant help so long as the process of transmission 
was looked upon as simply a means of producing excitation, but the 
concept of adrenergic and cholinergic divisions of the autonomic 
nervous system did bring partial order into the confused picture 
of pharmacological effects. However, it is only the attainment of an 
understanding of central synaptic inhibition, along with increased 
knowledge of the regulatory influences exercised by centrencephalic 
and brain stem structures, which has led to heuristically valuable 
hypotheses, the investigation of which may be expected to lead 
not only to a better understanding of drug effects, but to a better 
understanding of the organization of behavior in general. 

For our purpose, the most important general conclusion which 
arises out of this whole body of observations is one which does not 
depend on any particular effect, but on the repeated observation 
that many drugs are quite specific in their action, taking effect on 
one part of the nervous system rather than on another. If only the 
contrast between cholinergic and adrenergic mechanisms were in- 
volved, the drugs could be neatly catalogued into several groups 
and rated according to the intensity of their effects on these mecha- 
nisms. Actually, pharmacologists are confronted by a medley of 
paradoxical results, whose major importance for us is that they 
imply the existence of a very elaborate chemical differentiation of 
the nervous system. In this respect, McIlwain (1959) writes: "Nerv- 
ous structures of a variety of functions are closely packed in the 
brain. Localization of the action of given cells is largely determined 
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anatomi 
atomically, but where such elements are closest, chemical speci- 


ficity becomes more important.” 
Tage purpose in including a brief summary of the effect of drugs 
cie mne within the scope of this book is solely to indicate the 
e significance of such chemical specificity for the general 

]l be discussed in the next chap- 


aan of behavior, which wi 
a The great variety of drug effects provides supporting evidence 
r the conclusion that the number of diferent transmitter sub- 


stances is much greater than the four or five that have so far been 
isolated, and also that the receptor sites of synapses are of differ- 
ent kinds, some being more sensitive to one transmitter, some to 
mec These distinctions provide the neural basis for differen- 
e response mechanisms which are largely independent of "con- 
Y Si in the traditional sense. On the other hand, the task of 
the ying such response systems 15 complicated by the fact that 
fer somatic and behavioral effects associated with a given transmit- 

Substance can be offset by interference with any part of the cycle 
of events involved in the formation and removal of the transmitter 
substance, and that the drugs themselves interact, antagonizing and 
Supporting one another in ways that are at present rarely under- 
standable, In this medley of effects, those that can be regarded as 


Som place specifically at inhibitory synaptic sites, to cause either 
he activation or the blocking © only one class among 


f such sites, are 
many, but they constitute an essential class, the understanding of 
which would contribute a great deal toward forming a clearer pic- 
ture of the nervous control of behavior. 


The reader will recall that the implications of synaptic inhibition 
for understanding the specificity of drug action were briefly dis- 
Cussed in Chapter 5, and they were illustrated by the mention of 
Several theories of LSD action—theories which differ in detail, but 


Which all agree that the effects of this most potent drug, as well as 
those of several other drug ilar effects in lesser 


s which exercise sim 
degree or tend to antagonize the effects of LSD, must all be sought 
in the details of synaptic inhibitory processes. 


The present chapter 
Will make no effort to consider drug effects on that fundamental 
ition that a major 


level. It merely presents the pos! r goal of pharma- 
cological research must þe to arrive at the operational definition of 
chemically differentiated action systems within the nervous system, 
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and that coordinated behavioral studies can then demonstrate the 
participation of these subsystems in different patterns of behavior. 
In both phases of this interdisciplinary program, the concept of 
synaptic inhibition plays a key part. 

It is important to recognize that the number of kinds of synapses 
is greater than the number of presently known transmitter sub- 
stances. Domino (1958) points out that there are many anatomically 
distinguishable varieties of central synapse, and for only a few of 
these is the transmitter substance known with some degree of cer- 
tainty. Furthermore, it has been known for some time that 
cholinergic synapses include two types, the nicotine-sensitive and 
the muscarine-sensitive. Trouton and Eysenck (1961) express the 
distinction between these as follows: “Preganglionic nerves an 
nerves to voluntary muscles are cholinergic (nicotinic) whereas the 
postganglionic fibres and the sympathetic fibres to sweat glands 
are cholinergic (muscarinic).” However, Anichkov (1961) states 
that recent Soviet research has found that the “cholin-receptors of 
the central synapses, as well as the peripheral ones” include both 
types. The fact that different synapses respond differently to these 
two alkaloids implies that they also respond differently to some aS 
yet undiscovered nuances of physiological stimulation. The suc 
cessful distinction of these systems, and an analysis of the expres- 
sive behaviors associated with each, would almost certainly deepen 
our understanding of the patterns of emotional experience, which 
have been so resistant to orderly arrangement on a phenomenologt 
cal basis. This is but one example of the manner in which neuro- 
pharmacology may contribute to psychological understanding. 

Wikler (1957) opens his excellent review of the pharmacology 
of behavior with this quotation from Claude Bernard: “Les poisons 
constituent un moyen d'analyse des proprietés nerveuses, des sorte 
de scalpel physiologiques beacoup plus délicats et plus subtils 
que les scalpels ordinaires?" The greater delicacy of the physiolog- 
cal scalpel, even in these days of microtechnique, is due to the fact 
that it cuts out functions, as the surgeon's scalpel cuts out tissues: 
Another important advantage of chemical lesions is their reversa" 
bility—a circumstance which permits us to be more ruthless in €% 
perimentation. (The pharmacologist does not mind playing Circe to 
a human subject, producing an experimenta] madness, nor does the 
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subject object to the experience, if it is only a transient one.) The 
reader will recall how Bernard himself, with curare as his “scalpel,” 
approached the discovery of an invisible functional barrier placed 
between the conductile tissue of the nerve and the contractile tissue 
of the muscle; and he will not need to be reminded of the need to 
consider, in relation to each drug, whether it does not gain its effect 
by directly or indirectly influencing a synaptic process. From this 
Point of view, the literature of experimental pharmacology represents 
an enormous accumulation of evidence, if such evidence were 
needed, on the importance of inhibitory processes. More relevant to 
Sur immediate problem, however, is that it also demonstrates in 
detail a fact already hinted at by the different concentrations of vari- 
Ous neurohumors in different parts of the brain: to wit that these 
Parts are by no means equipotential, any more than the eye and the 
ear are equipotential and capable of vicarious functioning in re- 
Spect to light and sound. It seems that the doctrine of specific 
energies must receive its final statement in terms of the chemistry 
of the nervous system. 

The limitations of anatomical and electrophysiological analysis, 
Y contrast with the pharmacological, appear, for example, in the 
Work of W. R. Hess (1957). His goal was to study the "functional 
Organization" of the diencephalon, and his technique was the care- 
ul observation of behavioral effects resulting from electrical stimu- 
‘ation of precisely determined structures, with currents of varying 
intensities. However, he would not only obtain opposite effects 
Within the same general area, but sometimes there would be a com- 
ination of effects (such as pressor and depressor effects on blood 
Pressure, in a diphasic pattern) belonging to different response pat- 
terns, He concluded that such an area “includes a variety of fibers 
belonging to different systems, so that the electrical stimulus, act- 
ing in a nonselective fashion,” produced the inconsistent responses. 
n contrast to this, we shall see later that different chemical sub- 
Stances applied to the same point in the brain can evoke distinctive 
effects, It is of course true that in many instances drugs also will 
have confused and inconsistent effects, particularly when they are 
introduced into the blood stream or administered in other ways 
which bring them into contact with many different structures of the 
Nervous system. However, such instances are challenges to further 
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pharmacological research which will produce substances capable 
of differentiating the effects joined together in this manner. 
Before we look at the investigations themselves, it will be con- 
venient to have in mind a general classification of the so-called psy- 
choactive drugs, with some rough indications of the kinds of effects 
commonly associated with them. That any such classification is 
tentative appears from the fact that F. M. Berger (1960) gives brief 
summaries of ten different proposals for the classification of the 
“tranquilizers,” all published during the years 1957 and 1958. He 
himself Proposes a classification based on chemical structure, which 
is shown in Table 4, This table also gives some indication of one 


TABLE 4. The Effect of Various Classes of Compounds 
on Certain Functional Units of the Brain 


Reticular 
Cortex Hypothalamus Limbic System Formation 
Phenothiazines Not affected Stimulated Not affected or Slightly 
stimulated depresse 
Rauwolfia Not affected Stimulated Stimulated Slightly 
alkaloids depresse 
Diphenyl- Slightly Stimulated Not affected Slightly 
methanes depressed depresse 
Propanediols ^ Notaffected Not affected Depressed Not aeie oe 
slightly 
stimulate 
Substituted Depressed Not affected Depressed Depressed 
amides 


Source: F. M. Berger, in Uhr & Miller, 


ission 
Drugs and Behavior, 1960, p. 99. By permiss! 
of John Wiley & Sons, Inc. navior, P. 
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as a whole. A typical phenothiazine derivative is chlorpromazine. 
This drug blocks the adrenergic system; it produces sedation and 
Potentiates the action of other sedatives and of analgesics and 
anesthetics. The derivatives of the Rauwolfia root include reserpine, 
which inhibits sympathetic centers in the hypothalamus; it, too, pro- 
duces sedation; and, in many instances, it has a serotonin-like effect. 
Derivatives of diphenylmethane include azacyclonol (Frenquel). 
This Substance does not produce sedation. Unlike chlorpromazine 
and reserpine, it does not block the performance of conditioned re- 
flexes, However, it prolongs the action of barbiturates and other 
Ypnotics (that is, of substituted amides), and it antagonizes effects 
9f serotonin. The substituted propanediols have their effects pri- 
marily on the striped muscle system rather than on the autonomic 
System. One member of this group is meprobamate, which is pri- 
marily a muscle relaxant, but serves also to relieve anxiety and to 
increase tolerance for frustration. Finally, the substituted amides 
are not tranquilizers in the narrower sense of that term, since their 
Primary effect is to produce sedation of intellectual and sensory 
"Unctons by depressing cortical activity, whereas the use of tran- 
quilizers aims at control of emotionality without intellectual seda- 
tion. This group includes the barbiturates and other hypnotics, 
Tugs which were used for sedation before the introduction of 
tranquilizers. A typical member of the group is pentobarbitol. 
erger goes on to classify the stimulants or antidepressants into 
tee groups: analeptics, monoamine oxidase inhibitors, and 
acetylcholine precursors. The analeptics (that is, drugs classified 
as having restorative or strengthening effects) are a broad group 
Which share the characteristics that they antagonize drugs which 
depress the central nervous system, but they may differ in other 
important respects. A very important member of this group is 
amphetamine. Iproniazid is a drug which interferes with the action 
9f the enzyme monoamine oxidase, which destroys serotonin. Finally, 
diethylaminoethanol (Deaner) is thought to gain its antidepressant 
effects by helping to overcome a deficiency in the production of ace- 


tylcholine, when such exists. 


The data concerning the influence of drugs on behavior derive 
from three principal types of research: clinical, behavioral, and 
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electrophysiological. However, problems which are of special inter- 
est to clinical workers tend to orient most research on psychoactive 
drugs, by whatever method. The leading clinical problems arer D 
the relation of schizophrenia to deficiency or imbalance in the 
supply of neurohumors, and particularly of serotonin; (2) the pro- 
duction of “model psychoses" by the use of LSD, mescaline, s 
other psychotogenic drugs, to facilitate the study of psychotic-li E 
processes in thinking, and discover other drugs which "S 
these effects; and (3) the efficacy of tranquilizers and other drugs 
overcoming various forms of emotional disturbance, including mani 
excitement, anxiety, and depression. vd 
Woolley and Shaw (1954) advanced the suggestion that a relativ 
deficiency in serotonin might be the cause of schizophrenia E 
other mental disorders. The suggestion grew out of their observatio. ‘ 
of side effects attendant on the use of serotonin to relieve Re 
tension. It precipitated intensive research efforts, and a propor 
ately extensive literature, from which it seems safe only to conc in 
that either deficiency of serotonin or its imbalance with ME 
one or more other neurohumors does contribute to intellectual He 
turbance, (Cf. Woolley, 1958; Marrazzi and Hart, 1957.) The natt ie 
of the inconsistences may be briefly illustrated. Canali and em. 
(1957) found that injection of serotonin in humans, in concentratio a 
which did not have any detectable influence on the EEG's of norm? i 
subjects, eliminated the abnormal features of the EEG in mos 
epileptic patients, particularly those suffering from focal epilep y 
Subsequently, elevation of serotonin level has been credited el ) 
reducing the incidence of epileptic seizures (Santanelli et al., 1961), 
which is consistent with the above result, but it has also bun 
blamed for increasing their incidence, specifically in cases of arth 
ficial focal epilepsy in cats (Wada, 1961). f 
While we await more detailed neurophysiological explanation 9 
the way in which serotonin and other substances achieve the effect 
attributed to them, we cannot overlook the fact that the gene! 
conclusions reached by clinicians, based on their experience in t 
therapeutic use of tranquilizers, Suggests that these drugs are some" 
how influencing a balance of inhibitory and excitatory processes, as 
Pavlov would define them, Hoch Summarized such experiencé as 
follows: 
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What kind of patient responds to a tranquilizing drug? It is the 
general opinion that excited, overactive, aggressive, tense, and anxious 
Patients benefit most from chlorpromazine or some of the Rauwolfia 


Preparations, Driveless, apathetic patients without tension respond far 
ess, Patients with a tendency toward motor discharge and those who 


“ve Symptoms which could be classified as over-reactive are the most 
influenced, Those patients where over-reaction is not present do not 
Tespond well. This is especially marked in patients suffering from de- 
Pression who do not respond too well to the drugs, whereas in the 
Manic phase of their sickness the drugs are very effective. . . . The 
Clinica] impression is that [these drugs] do not sedate uniformly every 
Psychic function, . . . The clinical investigations indicate that the 

anquilizing drugs are selective sedatives which especially affect anxiety 
and tension, but do not affect some other emotional mechanisms such 
*5 depression (Hoch, 1958, pp. 340, 342). 

Ayd (1957) also states that “the most favorable cases for chlorpro- 
azine and reserpine therapy are the hypomanic and manic states, 
and warns that states of depression may be only enhanced, or in- 

eed Precipitated where a disposition to depression exists. 

€se statements of clinical experience suggest that the function 
these drugs is somehow to fortify deficient inherent inhibitory 
Capacity in the central nervous system, and that when such inherent 
"hhibitigns are in fact preponderant (as in some depressions) the 

Tugs only intensify the illness rather than tending to remedy it. 

Uch a viewpoint is in general agreement, of course, with Pavlov’s 
(1927) interpretation of the effects of administering bromides to dogs 

at Were overexcitable—not to diminish excitability, he points out, 

Ut to strengthen internal inhibition—and of administering caffeine 

Ogs that were overinhibited. 

The degree to which such effects depend on the modification of 
d erent kinds of synaptic inhibitions remains to be investigated by 
SXperimenta] procedures. Evidence of drug effects may be sought 
either in the recording of neural events, usually by electrophysio- 
Ogica] techniques, or in the modification of overt behavior. We 
“hall look first at some electrophysiological studies. 


One important investigation of this kind was Brazier's (1958) study 
9f the effe ct of barbiturates on the cortical response to a single flash 
of light, (The reader may wish to bear in mind that the barbiturates 
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include such anticonvulsant drugs as dilantin, triadone, and phe- 
nurone, which are used for the treatment of some forms of epilepsy, 
and the effect which is to be described may therefore have some 
relevance to the therapeutic value of these drugs.) Forbes an 
Morison (1939) had shown that the cortical response to a single flas! 
of light consists of a double discharge, which implies that the exc 
tation of the cortex takes place by two different pathways, 0ne 9 
which conducts more rapidly than the other, presumably  -. 
it involves fewer synapses. Brazier discovered that the effect of y 
moderate depth of barbiturate anesthesia was to reduce the intensity 
of the primary response by about 30 percent, but almost to dou * 
the amplitude of the secondary response. The result, she says, sug- 
gests a ‘release’ effect as though at this stage of barbiturate anes- 
thesia some inhibitory system . . . has been put out of action y 
the drug.” She also points out that this interpretation is consisten 
with the known fact that under pentothal anesthesia the pu 
response to auditory stimulation is augmented. She therefore draw 
the conclusion that ^a state of anesthesia does not require ; ý 
sensory impulses should be prevented from reaching the cortex. E 
disruption of the balance between inhibition and activation a y 
subcortical level of integration would appear to determine wholly? 
incoming sensory impulses receive the elaboration necessary 
awareness.’ " 

Bradley (1958) obtained evidence on the site of action p^. 
number of widely used drugs by observing their effects OP Mw 
electrocortical activity of conscious intact cats and two kinds E 
acute preparations: those with encéphale isolé (that is, with trap 
sected medulla but connections still intact between the cerebr? 
hemispheres and the brain stem) and those with cerveau 180 
condition in which the transection is higher, which results in 4 

"eras brain, as discussed in the next chapter). All the drugi 
TA Pone oo effects on the brains of t 
aui aom oF Jh g intuenced the encéphale isolé prepara - ps- 
These and oth fh z Piu eneed the cerveau isolé pem g 

^ 5 RSEN ings led Bradley to conclude that some n: 
(including amphetamine and the dre act directly 0P ks 


he cholinergi d diffusely? 
and that still other drugs (includi gic drugs act more rine 
“appear to have little pa cluding LSD-95 and chlorprom@ sid 


t action on the reticular formatio? 


The Influence of Drugs on Behavior 347 


Seem to have an action related to the afferent input into this system." 
It will be seen that this classification according to site of action cuts 
across the distinction between excitant and antiexcitant or inhibitant 
effects. The evidence that some psychoactive drugs have their effects 
largely on subcortical afferent pathways is extremely important. 

In another investigation, Bradley (1957) made microelectrode 
recordings of single unit activity in the reticular system, by means 
of electrodes chronically implanted, so as to permit repeated ob- 
Servation of the response of the same unit to a variety of influences. 
Most of the units studied showed "convergence," that is, they were 
Tesponsive to stimulation of more than one sensory modality. He was 
then able to observe the effects of injections of adrenaline or of 
acetylcholine on the rate of activity of such units, both spontane- 
ously and in response to peripheral stimulation, The effect of 
acetylcholine might be either to increase or to decrease the activity 
of the unit being studied, more commonly the former. Adrenaline, 
too, might have either of these effects, but there were also a good 
Many instances of “no effect.” Also, it is worthy of note that instances 
of decreased activity, after injection of adrenaline, were much less 
Téquent in the medulla than in the mesencephalon. For any given 
Unit, the nature of the effects produced by acetylcholine and by 
adrenaline might be either similar or dissimilar. The effect of chlor- 
Promazine on reticular units was to decrease both the spontaneous 
activity and the responsiveness to peripheral stimulation; the ad- 

ition of a barbiturate would then cause complete cessation of 
Tesponse, something which was never observed to happen with 

arbiturates alone. 
here are many other studies of the same general type, but we 
Shall mention only a few. Thus, Rothballer (1956) found that the 
Slow, tonic system of afferents from the brain stem reticular for- 
Mation was adrenaline-sensitive, and that it could be blocked by 
7 hlorpromazine, which did not block the faster-acting phasic system 
Of afferents from the thalamus. On the other hand, Killam and 
illam (1958) reported that chlorpromazine "markedly raised the 
reshold for behavioral arousal from the diffuse thalamic projection 
System," while somewhat elevating the cortical response to stimu- 
ation of the brain stem reticular formation. It has been pointed out 
chneider, 1958) that contradictions such as this may result from 
€ use of different sources of stimulation, since it may happen that 


848 Choice: The Central Problem of Psychology 


a drug which blocks afferentation resulting from ordinary pressure 
on the footpads of an anesthetized cat, for example, may not block 
pain arising from a mild electric shock applied to the foot. 

As a final example of research using the techniques of electro- 
cortical recording, we shall mention a study by Marrazzi and Hart 
(1957). These workers stimulated the visual cortex of the cat in 
one hemisphere, and measured the response evoked transcallossally, 
at the corresponding point of the opposite hemisphere. This response 
was suppressed when adrenaline, noradrenaline, LSD, or serotonin 
had been introduced previously into the blood stream. Such sup 
pression did not occur following injection of chlorpromazine, Ye 
serpine, or azacyclonol. The response was enhanced by acetylcholine. 
Serotonin was particularly powerful as a suppressor agent, and this 
is one piece of evidence among many which Marrazzi uses to sup- 
port his contention that it is a natural synaptic inhibitor. 

This sample of studies combining pharmacological and electro- 
physiological techniques demonstrates the feasibility of constructing 
a functional chart of the nervous system—which will necessarily be 
far more complex than existing neuroanatomical charts—on the 
basis of differences in responsiveness to the effects of various drugs 
However, the value of such a chart would depend on the correlation 
of these findings with behavioral data. Therefore we turn now to @ 
consideration of pharmacological research of a behavioral nature 
The scope and variety of research in this field is indicated by the 
almost forty chapters in Drugs and. Behavior, edited by Uhr an 
Miller (1960), which are devoted to concise summary statements © 
experimental work. Most of these chapters deal, not with single 
studies, but with extensive programs. The review article by Trouton 
and Eysenck (1961) includes almost 600 references, yet it is RO : 
difficult to discover important omissions. With this wealth of ayers 
able material, our selection of examples must be arbitrary. It 5 
guided by the intention to suggest how such studies can help 3? 


defining response Systems, rather than to display the effects of drugs 
as such. 


Feldberg and Sherwood (1953 
tion of drugs directly into the 
permanently implanted cannula, 


) developed a technique for injec- 
ventricular system by means © 
Thus, in intact animals, drugs We?? 


The Influence of Drugs on Behavior 349 


brought into direct contact with central organs of the brain rather 
than being introduced through the blood stream. Later, Sherwood 
Summarized observations made of the effects of various drugs with 
this technique. 


To summarize the effects quite briefly: With acetylcholine, a high- 
pitched cry was elicited, a retching, and then an akinetic state lasting 
for about a minute; then the cat was depressed or subdued. In large 

oses, a prodromal seizure was provoked, followed by a catatonic state 
asting a very short time, approximately 6 or 8 minutes. 

ith epinephrine, a condition somewhat similar to nembutal anes- 
thesis was produced, and the animal was fully relaxed. 3 
With atropine there was increased liveliness, apparent well-being, 


swift, beautifully coordinated movements, a continuous readiness to be 
petted, |, , 

Injections of d-turbocurarine will produce seizures. Between seizures, 
this drug will produce a state of excitement and, if we can infer it, 
acute anxiety, An interesting point is that this episode seems to be 
Covered by amnesia, because no matter how often this is done to a 
Cat, he will never fight against the injection. . . - h 

Hexamethonium ‘produces a kind of weakness. The cat lies down 
and is inactive, It isn’t actually sleeping, and we are not certain whether 

© won't move or he can’t. The decamethonium compound produces 
Spastic rigidity. It lasts quite a short time, about a half hour, but 
While the cat is standing in his cage, if he is given a shove, he falls 
ss like a wooden soldier, with both legs straight out (Sherwood, 1955, 

: 92 £). 


Since the excess of acetylcholine was observed to produce cata- 
tonia in the cats, cholinesterase was tried for the treatment of 
catatonic human patients, with good success, not only in activating 

€ patience but also inactivating thought processes. 

In recent studies, investigators have generally selected specific 
Components of behavior for observation, and in most cases they have 
Observed the effects of drugs on the performance of learned re- 
Sponses which could be elicited with regularity in control animals. 

e value of this device can be seen by comparing the results 
obtained by Feldberg and Sherwood, who were left wondering 
Whether some of their cats would not move or could not, with the 
Tesult of a similar experiment by John and coworkers. John, Killam, 

enzel, and Tschirgi (1959) used the Feldberg-Sherwood tchnique 
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to inject GABA into the ventricular system of cats. Some of € 
animals were first trained in a battery of tasks, which they Pa d 
formed on signal. In the trained animals, injection of GABA caus di 
a brief ataxia and a marked diminution of activity, as well as A 
marked and unusual tendency to purr" and ^noticeably xe 
stances of fearful or aggressive behavior" for several days i-i ls. 
However, there was no loss in the performance of the learned e. 
In other words, motor activity is suppressed or discoordina Ws 
while “affiliative” functions are facilitated and hostility — 1 
but there is no apparent loss of intellectual function. The -—". 
flaccidity were even more marked in the untrained animals; 


these 
then 


administration of the 
by meprobamate and 
respect to fresh imp 
tained the hypothesi 
printed far more su 
decline from the op 
birds that received 
no imprinting at fo 
was due to the mus 
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experiments in which he compared control animals, those receiving 
meprobamate, and others receiving carisoprodol, which is an effec- 
tive muscle relaxant that does not possess tranquilizing properties. 
As expected, carisoprodol proved to be even more effective than 
meprobamate in preventing imprinting. 
Our interest in Hess’s series of experiments is not in the specific 
findings, but in the clear way in which they demonstrate the possi- 
ility of isolating different response mechanisms, and thus assessing 
he degree of their involvment in a given kind of behavior. Notice 
that in the course of this investigation Hess used four drugs: One 
Sedated without eliminating emotionality; a second eliminated 
emotionality without reducing muscular tonus; a third reduced 
Muscular tonus without eliminating emotionality; and a fourth 
reduced both emotionality and muscular tonus. Since the drugs were 
absorbed through the blood stream into the body as a whole, it is 
evident that such different effects must be based on chemical 
ifferentiation of the neural structures involved in these different 
inds of behavior. Reduction of emotionality results from depression 
E Sympathetic functions, probably by an influence exerted on parts 


of the hypothalamus. 


Orton (1957) has attempted to demonstrate the relationship 
een certain major forms of adjustive behavior and neural sys- 
tems which can be isolated by particular drugs. She defined five 
Major behavioral patterns, and constructed rating scales for each 
Pattern, The patterns chosen were sociability, contentment, excite- 
Ment, defensive hostility, and aggressive hostility. Working with 
lamsters, cats, and monkeys, she constructed different rating scales 
Or each, For example, defensive hostility was measured in hamsters 
Y defecation, kicking, squeaking, defensive rearing, and rolling 
Over; in cats by growling, hissing, flattening ears, withdrawing, and 
“touching, in monkeys by withdrawing, urination, baring teeth, 
Pulling back, and opening mouth. Using these scales, she then ob- 
Served the effects of chlorpromazine on all three kinds of animals, 
and of LSD and amphetamine on hamsters and cats. Under chlor- 
Promazine, sociability increased and defensive hostility decreased 
Or all species; excitement was increased in the cat and the monkey, 
Ut decreased in the hamster; aggressive hostility was increased in 
€ cat and decreased in the monkey. These results are only sug- 
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gestive, because very few animals were tested; nevertheless h- E 
reminded, by this difference between the cat and the He y dif 
respect to hostility, that these two animals also exhibited ve hr 
ferent emotional responses after amygdalectomy (see apa Sud 
Amphetamine markedly decreased the sociability of both ca a 
hamsters, and increased the excitement of both. It also reduce € 
contentment of cats, making one wonder whether perhaps the “all 
for measurement of contentment in the hamster was less € but 
The pattern of response to LSD resembled that to amphetamine, 


latter 
in addition it increased the hostilities of cats and hamsters, the 
quite markedly, 

The com 


" : of the 
haviors, but it is also possible to test the differential effects 


> a 
ondi: 
mals in instrumental and c 
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Ponses, and studied the influence of drug 


gators have trained the same ani 
tioned avoidance reg 


performance, 


: er 8 
to the forepaw, delivered = " 
animals had reached a criteri 


iN. hese 
s, with good discrimination. b a 
animals are said to belong to the "inhibitory type." Others gav 


high proportion of conditioned avoidance reactions, but their ability 
- These are said to be of the “excitatory 
inistered to animals of the first gtoUP 
and chlorpromazine to those of the second, The adrenaline-treat® 3 
Portion of Positive avoidance repan 
re treatment, to 93 to 96 percent, W! 
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Gy Percent. Optimal doses of chlorpromazine, administered to three 
excitatory type” animals, enabled them to reach a high level of 
iscrimination, with correct response on about 90 percent of trials; 
"t still larger doses caused a decrease in the number of positive 

Conditioned reactions. Majkowski’s interpretation is that improve- 

ments in performance by both “types” was the result of manipu- 

lation of “the balance of excitation and inhibition in the brain 

Stem’s reticular formation.” 

Brady (1957) trained both monkeys and rats in bar-pressing, until 

ey attained steady rates of bar-pressing in order to obtain liquid 
reward, He also subjected them to occasional electric shock punish- 

Ment, which was preceded by an auditory signal, which thus be- 

came a conditional stimulus for anxiety, since no opportunity for 
escape was provided. He found that after such training, the un- 
Tugged animals would perform steadily until the signal for punish- 

Ment was heard, then check their responses during the period of 

anxious waiting for the shock, then resume at the old rate im- 

Mediately after it had taken place. The effect of reserpine was to 

Produce a generally lower rate of response, but animals so treated 
id not check their responses, or did so to only a minor degree, when 
© signal for punishment was sounded. Ray and Marrazzi (1961) 
ained rats to obtain food by bar-pressing whenever a tonal signal 

Indicateq its availability. This adaptive response was eliminated by 

-25. A small dose of chlorpromazine protected the animals 
against this effect, although a large dose would enhance it. This is 

Aline with Marrazzi's theory that the two drugs have similar 
effects. although one is far more potent than the other. Therefore a 

non-depressant dose of chlorpromazine may still be sufficient to 

Preempt many of the synaptic sites on which LSD must exert its 
Ction, 

Another valuable technique is that of Olds, who first establishes 
Consistent response-rates for self-stimulation with electrodes im- 
Planted in specific portions of the brain, and then observes the in- 

uence of various drugs on these rates of response. Studies utilizing 

is technique will be described on page 370. 

Finally, we must mention two programs of research which are 
Concerned with the testing of specific hypotheses concerning the 
Influence of chemical events in the cortex on behavior: one dealing 
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with the relation between acetylcholine and adaptability, the other 
with that between introversion and inhibition. à 

Since acetylcholine is an important central synaptic transmitter, 
there can be little question that any serious disturbance in its 
metabolism or utilization would necessarily interfere with p 
control. Peterson (1949) found that topical applications of acety!- 
choline to the motor cortex of the nondominant hemisphere in es 
that exhibited clear handedness preference in reaching ne 5 
resulted in a switch of handedness in about half of the — 
Pointing out that enforced practice is another means of IUE 
change in handedness, Peterson speculated that the ate be 
acetylcholine might be a neurochemical equivalent of practice. » 
possibilities suggested by such an approach have been pursued | 7 
Krech and his collaborators, in a series of experimental papers _ 
have sought to correlate strain differences and individual ip oe 
in cortical cholinesterase (ChE) activity with adaptiveness to Ww 
ing situations. Interpreting these results, Rosenzweig, Krech, it 
Bennett (1958) state: “Cortical ChE activity level provides a -— 
ure of the readiness of nerve impulse transmission in the ete 
nervous system; the relative ease of nerve impulse angie 
is correlated with capacity for more adaptive behavior; a spat? d 
Preference Score in our maze is indicative of a more adap e 
animal; therefore, one might expect a positive correlation betwee 
level of ChE activity and a spatial Preference Score." 

In previous chapters, we have seen more than sufficient evidence 
to warrant dismissal of the notion that “relative ease of nerve 
impulse transmission is correlated with ca 
behavior,” However, near the en 
the work of Hernández-Peón and Scherrer on habituation (see p28? 
365), Rosenzweig et al. 
“central initiation of aff 
of ACh metabolism,” 


eses are tenuous, seem to ignore the e 
inhibitory processes, and face the 


in their own experimental data, it remains true that adequate Ch 
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activity is an essential of flexible behavior, for the reason that if 
the minute transmitter-quanta of excitatory acetylcholine are not 
Promptly metabolized, some form of perseverative response is the 
inevitable result. (The reader will recall that Feldberg and Sher- 
Wood observed catatonia as a consequence of heavy dosage with 
Intraventricular injections of acetylcholine, and that they recom- 
mended cholinesterase as a possible therapy for catatonia.) Russell 
(1958) has also found that reducing ChE below a critical level inter- 
eres with behavioral efficiency, although his work does not suggest 

at relatively minor variations can be of importance. Chow and 
John (1958) made an experimental test of the Krech-Rosenzweig- 
*nnett hypothesis that administration of anticholinesterase drugs 
Would cause rats to shift from “visual hypotheses” to “spatial 
Ypotheses" in maze-running behavior; the outcome was negative. 

Eysenck (1957a) seeks to relate the dimension of introversion- 
extraversion, to which he gives very fundamental importance in 
1S System of personality, to the relative strengths of inhibitory 
and excitatory tendencies. In his statement of this hypothesis he 
Seems to identify inhibition with reactive inhibition, and in the ex- 
Perimental testing of various deductions drawn from the hypothesis, 
e and his coworkers limit themselves to comparing the effects of 
Sodium amytal, used to favor inhibitory predominance, and dextro- 
amphetamine, to favor excitatory predominance. Although it is not 
Possible to quarrel with this experimental limitation, there can be 
no justification for stating conclusions in terms which seem to apply 
to inhibitory processes generally. In the original statement of his 
YPothesis, Eysenck (1957a) said: “extraverted behavior patterns 
are produced by excessively strong reactive inhibition and/or ex- 
Cessively weak excitation, while introverted behavior patterns are 
Produced by excessively weak reactive inhibition and/or excessively 
Strong excitation.” Hence he postulated that depressant drugs would 
Produce extraverted behavior patterns, and stimulant drugs would 
Produce introverted behavior patterns, A concise summary of a 
Ozen tests of deductions, which of course depend in part on his 
Prior delineation of introvert and extravert behavior patterns, is 
Biven by Eysenck (1960). The results are consistently favorable to 
the hypothesis. However, it is difficult to reconcile such over- 
Simplification with the same author's sophisticated awareness that 
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"drugs have numerous different sites of action and s it W 
be surprising if the basis for a fundamental difference in persona in 
were located in a precise region of the central nervous syste a 
(Trouton and Eysenck, 1961). Does Eysenck nevertheless ws 
that the effects of a single drug, sodium amytal, which pro 2 ef 
cortical depression, can be used to characterize behavioral effects 
"inhibition" generally? 

We have jen c in this chapter with showing how et 
study of the effects of drugs on behavior can help to Fe 
chemically distinctive response mechanisms in the central nerv T 
System. In the next chapter we shall meet with some ae, 
stances of such chemical specificity of response systems in the ds 
and we shall attempt to draw some conclusions regarding 
nervous organization of behavior. 
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We never seem to tire of the platitudes that an organism's behavior 
Must be studied in relation to its environment, and likewise in 
Telation to the physiological state of the moment. This chapter deals 


With some consequences which arise from an implication of these 


Platitudes: that each act must be considered in relation to the acts 

at have preceded it, and to the other acts that might have taken 
Place in its stead. These are essential parts of the physiological 
State, and they are in the most literal sense the behavioral environ- 
Ment of the act itself. It is from them that the act must be differ- 
€ntiated, by a many-sided process of inhibition, if it is to move 
tom a potential to a readiness, and from readiness to performance. 
t is not surprising, therefore, that the careful analysis of any area 
9f behavior seems always to reveal a polarity in the mechanisms 
involved, One cannot study flexion without extension, movement 
Without posture, sleep without waking, digestion without evacu- 
ation, love without hate. It seems as if there is a principle underly- 
ing the organization of behavior which is very like Newton’s third 
law of motion, that “action and reaction are equal and opposite.” 

e mecha ten of every act includes its behavioral counterpoise. 

One very fundamental expression of this principle is in the wave 
nature of brain potentials, which we have assumed (see page 128) 
to result from the interplay of excitatory and inhibitory phenomena 
in the cortex. More obvious are such other rhythmic phenomena as 
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those of circulation and respiration, and all the great variety of 
rhythmic acts which comprise the locomotor behavior of almost 


all motile organisms. The ciliary beat of protozoa, the waves of 


contraction which are seen in the earthworm, the side-to-side motion 
of a fish’s tail, are all instances in the same catagory as the antago- 
nistic muscular actions involved in vertebrate walking. When these 
acts are regarded solely from the excitatory standpoint, it seems 4S 
if their integration must depend on the existence of special mecha- 
nisms for sequential timing of their components, but they can pe 
more parsimoniously envisaged as the inevitable outcome of e 
Simultaneous activation of two response systems, each of which 
tends to inhibit the other. It is not difficult to imagine an arrange 
ment which would have such an outcome. For example, let us 
assume that the excitation is an ongoing process, but each inhibitory 
process is relatively short-lived, perhaps because of cyclic exhaus" 
tion and replenishment of the transmitter substance involved. Then 
activation of A involves inhibition of B, but as inhibition of ; 
loses its effectiveness, the B apparatus passes into a stage of * cn 
vation, which similarly involves inhibition of A. This inhibition 
becomes exhausted in its turn, so that the first phase of this recurT e 
cycle reappears, This is only one of many hypotheses which migh 
be constructed; it is intriguing in part because it suggests that 27 
though inhibition is not to be explained as a kind of fatigue; ja 
had long ago been Suggested by Verworn and others, it is possi : 
that this kind of disinhibition might be so explained. 

The dependence of rhythm on the inhibitory effects of neuro 
humors is not limited to these rapid forms of alternating action. 
also includes a number of other kinds of alternating behavior, 0€ 
curring in diurnal or even in seasonal rhythms. Among these p 
the rhythm of sleep and waking, the rhythm of sexual behavior, 2? 
perhaps also the rhythm of hunger and satiety. We shall consider 
first the contrast between sleep and waking, that is, between ê 
55 for responsive behavior and the lack of sue 
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Opposition of these views appears most clearly when they take the 
form of an assumption, in the first case, that some sort of arousal 
mechanism must operate to keep the organism from falling into 
sleep, and in the second, that some sort of sleeping center must be 
activated if the organism is to enter a state of somnolence. The two 
Points of view can be synthesized in a conception which regards 
neither sleep nor wakefulness as more normal than the other, but 
Sees the organism rather as oscillating between both states, with a 
Periodicity imposed by both internal and external factors. 
" We recall that Pavlov regarded sleep as a widespread cortical 
inhibition. However, most modern theories consider that it has a 
subcortical origin, These theories derive from the work of Mauthner 
1890), who pointed out that the victims of a sleeping sickness which 
Was then epidemic regularly showed lesions of the central gray 
Substance in the neighborhood of the third and fourth ventricles. 
authner argued that since normal sleep is regularly accompanied 
Y dreams, the essence of sleep cannot consist in a cessation of 
unction by the cerebral cortex; neither does sleep entail any reduced 
“nctioning of the peripheral nervous system and the sense organs. 
t must therefore consist, he reasoned, in an interruption of both 
Centrifugal and centripetal pathways in the ventricular region in- 
“cated by the pathological lesions. This interruption he attributed 
in the normal case to the diurnal accumulation of fatigue products. 
ater Economo (1926), having fortuitously been provided with a 
fresh abundance of similar material by a new epidemic of en- 
Cephalitis lethargica, revised this theory. From an analysis of the 
Symptoms of the illness he argued that sleep is a primary and 
not m, that is, that sleep did not result from a 
mere interruption of sensibility, but that “in this region there must 
e situated a center where a regulation of sleep takes place—a true 
sleep regulation center? He also concluded that “Awakening would 
then occur as a result of disinhibition.” Furthermore, Economo con- 
sidered that the sleep produced in this manner consisted, on the 
9ne hand, in a “brain sleep" resulting from inhibition of the thalamus 
and the cerebral hemispheres, and a “body sleep” resulting from 
inhibition of vegetative centers. 
A similar distinction was made later by Kleitman (1939), who 
Writes of a “wakefulness of necessity,” which depends very largely 
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E. 
upon afferentation from the viscera, and a “wakefulness of we 
which is based upon habit. The first has a short cycle of pé 
hours, and is responsible for fluctuations in level of alertness i E 
the day and in depth of sleep during the night, while the ipt z 
the longer diurnal cycle. However, whereas von Economo are 
two kinds of inhibition imposed on a normally reactive |. 
Kleitman speaks of two kinds of wakefulness or arousal of an a "s 
wise inert organism. Both agree that sleep is a complex phenom 

Which does not have a single explanation. a 

Experimental support for the sleep center theory was P 


‘ ica 
wakeful brain is characterized by wavelike changes in ei ia 


waves of greater 
and in the extre 
and that sensory ncy 
now called desynchronization and Shows itself in high freque 
low voltage waves of cons 
also includes in i 


to a fairly high voltage, and 
about two seconds. The know 


Taking advantage of this, Bremer 
isolé preparation, that is, on a c 
from the lower portions of the ne 
above the third cranial nerve, 


: gau 
made observations on a cerv 


na 
TVous system by a transection i * 
Bremer found that although 
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cortex of a spinal animal shows normal alternations of sleep and 
wakefulness, the cerveau isolé is always “sleeping,” despite the 
Presence of afferentation through the optic and olfactory nerves. He 
argued that sleep is simply the quiescent state of a brain which is 
deprived of most afferentation, because a steady influx of sensory 
data from the body itself is needed to maintain a state of wakeful- 
ness, 

This theory of Bremer’s is in harmony with what may be called 
the old-fashioned view that an otherwise inert brain needs to be 
Stirred to activity, as opposed to the newer view that the brain 
ls in constant danger of becoming overreactive and needs to be 
Subdued, In describing his earlier findings, Bremer (1953) says: "My 
Interpretation of this electrographic and ocular syndrome was that 
it was the expression of a state of rest of the diencephalon and 
Cortex, resulting from the interruption of the continuous stream of 
ascending impulses that normally activates their constituent neuro- 
nal net-works, and determines the waking state. Freed from all dis- 
turbing influences, the cortical and diencephalic neurones were left 
to their fundamental automatism, and to their natural tendency to 

eat in synchronism”—that is, in the pattern of deep sleep. 

Then, interpreting this as the truly spontaneous activity of the 

rain, he continues. “The main physiological significance of the 
Spontaneous activity of the cortex cerebri . . . seems thus to be 
the necessity for the continuous maintenance of a subliminal ex- 
Citation of subordinate aggregates of neurones, reducing to a mini- 
Mum their reactional inertia and insuring the coordinative sub- 
ordination of all parts of the nervous machinery.” 

In other words, the conflict which Bremer sees is not one between 
excitation and inhibition, but between excitation and inertia. In 
his own words (Bremer, 1954): "The physiological process of falling 
asleep may be explained, without necessary recourse to the hypoth- 
€sis of a hypnogenic center, by the cumulative deactivation (de- 
facilitation) of the encephalic neuronal networks resulting from 
Synaptic fatigue and favored by a reduction in the exteroceptive and 
Proprioceptive sensory afflux. 

Bremer’s theory has proved untenable, despite the fact that at 
first glance it seems to be supported by the evidence of sensory 
deprivation experiments. Moruzzi and Magoun (1949) demonstrated 
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that stimulation of the reticular formation results in arousal of the 
cortex, pointing to the possibility that it is not the sensory influx 
per se, but the indirect arousal mediated by sensory collaterals of 
the reticular formation, which is responsible for wakefulness. This 
theory was put to direct test by Lindsley and his coworkers (Lind- 
sley, Bowden, & Magoun, 1949; Lindsley, Schreiner, Knowles, & 
Magoun, 1950). They found that if the classical sensory afferents to 
the brain are interrupted, but the diffuse afferents from the reticular 
formation are spared, the latter suffice to induce wakefulness, 
whereas if the reticular afferents are interrupted, and the classical 
Sensory pathways are spared, the brain will “sleep.” It is therefore 
necessary to conclude that sensory influx per se does not activate 
the brain, but can do so only in conjunction with reticular activation. 
This activity is ordinarily mediated by collaterals of the sensory 
afferents which enter the reticular formation. Obviously, these 
facts are consistent with the hypothesis we have stated that the 
reticular arousal is disinhibitory. This hypothesis makes it under- 
standable why no amount of sensory excitation per se can suffice to 
arouse the brain. 

If we ask why this should be so, a rather clear answer emerges: 
sensory input immediately rouses local inhibitory feedback (which 
we have designated as Heidenhain inhibition) which is not merely 
a protection against overwork of the elements, but a protection 
against overresponsiveness of the organism generally; and added 
evidence on this Point appears in the fact that if strychnine 1$ 
applied locally to any Sensory area, thus blocking the inhibitory 


by a directly facilitatory effect. 
In a recent statement of his views, W. R. Hess (1954) declares 
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ascending reticular arousal system of Moruzzi and Magoun, as 
“ergotrophic,” and the second, which includes his sleep center, as 
tropotrophic.” “While the arousal system prevails in the waking 
state and the inhibitory center during sleep, neither is in absolute 
contro] except in extreme conditions such as deep sleep after ex- 
austion or maximal activation, in attack or defence. In normal 
circumstances, the state of alertness—and consciousness—fluctuates 
etween these extremes and keeps adjusted to the needs of the 
Situation,” (See also W. R. Hess, 1957.) 

Lindsley (1952) has also described a continuum of behavioral 
States extending from strong excited emotion to coma and death, 
through all the degrees of sleep and wakefulness. From a purely 
9rmal point of view, it may seem acceptable that these should be 

scribed as stages in a single continuum of arousal, but it is im- 
Portant to recognize with Hess that at every stage in this continuum 
there are two contrary tendencies in operation—the tendency to 
arousal on the one hand, and the tendency to quiescence on the 
other. One is as real as the other, and although the two processes 
are opposed they are also in a sense independent, since they in- 
Volve activity of different units. Nor is it unreasonable to suppose, 
following the lines of Pavlov’s neurophysiology, that there is an 
essential difference between the kind of alertness which results 
TOm a balance of strong tendencies toward both arousal and 
(uiescence, and that which results from a balance of weak tenden- 
cies toward arousal and quiescence. One can readily imagine, for 
example, that the strong system could be able to maintain its 
balance in the face of an overload of stimulation which might over- 
Whelm the weak system. In any case, there seems to be abundant 
Evidence that the sleep-arousal polarity rests upon the mutual in- 
teraction of opposing processes, and not on the greater or lesser 


Activation of one. 
Nauta (1946) not only found evidence for the existence in rats 


fa sleep center in the anterior hypothalamus and a waking 
Center in the posterior hypothalamus, but he also showed that the 
influence of the sleep center is indirect, by way of the waking 
Center. A schematic representation of the action of such hypo- 
thalamic centers, upon cortical inhibitory elements, is shown in 
Figure 6. Although one might wish that sleep could be described 
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more simply than as a de-disinhibition, the actual relationships 
involved are not more complex than those we are compelled to 
assume in other instances. f 

It is interesting to compare this view of sleep with that © 
Pavlov. Pavlov described sleep as an inhibition which originates Ei 
the cortex, and spreads to embrace subcortical structures. Instead, 


G)— 


Figure 6. Schematic representation of hypothetical action of hy- 
pothalamic centers of sleep and waking. E, (thalamic) excites Ez (cortical). 
Negative feedback from |, (cortical) tends to reduce the frequency of 
discharge of E+. The discharge rate will increase if I; (hypothalamic waking 
center) is also active, since it tends to inhibit l. This disinhibiting effect 
can be eliminated by activity of la (hypothalamic sleep center). The arousal 
effect of the reticular formation is similar to that shown here for the 
“waking center,” and would be initiated by collaterals of the E; axon. 


sleep seems to be primarily an effect of subcortical regulation of 
cortical inhibition. 

The event of waking does not take place all at once throughout 
the cortex. Rather, the pattern of alertness appears first in à od 
cumscribed area, and then spreads to other areas. This appe4" 
clearly in EEG records of animals that are awakened on sign? 
of a cat, perhaps, which is awakened by the sound of a click Et 
has become a Cond toned signal for electric shock. Rowland (195 ) 
tells how he and his co-workers had their attention drawn to this 
phenomenon of specific arousal; 
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i “We were recording the waves of a sleeping cat during some 
Intermittent wall-pounding occasioned by extensive renovations in 
the adjoining room. The animal had long since grown accustomed 
to this racket and slept through it undisturbed with no change in 
the encephalograph records. During a quiet interval one day an- 
other cat in the laboratory emitted a soft mew. The brain waves of 
Our experimental animal immediately changed from the sleep pat- 
tern to the alert pattern. Some 10 seconds later the animal raised 
its head and looked toward the other cat." 

In this anecdotal account, there are three points to be noted. 
First, there is the phenomenon of habituation, shown in the fact 
that the cat could sleep, in the fullest sense of the word, despite 
Oud noises which would have kept it awake if it had not experi- 
enced them for some time without meaningful consequence to 
itself. Second, there is the specific arousal to a much less intense 
Stimulus, but one which has ecological significance to the animal. 

his behavior is like that of the sleeping mother who is awakened 
by her infant's cry. Finally, we must take note that the behavioral 
alertness followed after a latency of about ten seconds, a period 

uring which the pattern of alertness spread from the auditory 
area, where it originated, to other parts of the cortex. 

his chance observation led to experimental study, including the 
following demonstration by Gluck (which is also described by 

Owland). A cat which had been trained to recognize a series of 
Clicks as a danger signal which was ordinarily followed after two 
Minutes by an electric shock, would be roused by the clicks from 
Sleep; but if it had also been trained to recognize that when the 
Clicks were followed by a certain tone, there would be no shock, 
then he would stir but gently—encephalographically speaking—and 
fall back into deep sleep with no overt response when the “all 
Clear” signal followed the clicks. I 

t is important to recognize that such alerting may be quite 
Specific, rather than generalized. Hernández-Peón, Scherrer and 
Jouvet (1956) showed that the sight of a mouse in a bottle would 
not only alert the visual cortex of a cat, but simultaneously depress 
its response to auditory stimulation. In this case, of course, we are 
dealing with the increased alertness of an already wakeful animal, 
that is, with the phenomenon of alpha suppression by desynchroni- 
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zation, in the visual cortex, accompanied by return to the alpha 
pattern in the previously desynchronized auditory cortex. We must 
think, in other words, not in terms of a generalized opposition be- 
tween single mechanisms of sleep-relaxation and arousal-alertness, 
but rather in Pavlovian terms, of a ubiquitous conflict between 
mechanisms of excitation and inhibition, in which at any given in- 
Stant one process gains the upper hand in some areas, and the 
other in other areas, To understand behavior, we must penet 
beyond the relatively obvious contrast between the geniai 
inhibition of sleep and the generalized state of wakefulness. In the 
waking animal, the succession of stimuli, controlled and uncon- 
trolled, internal and external, provides a constant interplay Q 
arousals which take many forms. In addition to the relatively dif- 
fuse arousal which originates in the brain stem reticular formation, 
and the area-specific arousals which are mediated by thalamic 
pathways, we must recognize also the existence of function-specif¢ 
arousals. Although these are more difficult to demonstrate, they may 
in the long run be more important than either general or p 
specific arousals. The alerting effects of stimulation of the hypo 


thalamus and other Parts of the visceral brain are probably of mi 
nature. 


The technique of electrical s 
inadequate method for explor 


described some of his results 


on the first trial... . Testost 
sexual and maternal patterns. . 
tive chemical action within th 
work may demonstrate that differentia] sensitivity to specific P n 
iological change by functionally 

ural function.” We shall look i 
this technique shortly, and m" 
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pt that in time its results will overthrow many present no- 
ons, 

When we look for specific instances of behavioral polarity, we 
find that the clearest example is provided by some recent experi- 
Mental tests of an hypothesis which was first stated by Anand and 
Brobeck (1951), that the lateral hypothalamus contains a “feeding 
center” and the ventromedial nucleus a “satiation center” which 
has an inhibitory effect on eating. Wyrwicka and Dobrzecka (1960) 
Studied the effects of electrical stimulation of these areas by im- 
Planted electrodes, using goats that had been trained to obtain food 
when hungry by placing the left foreleg on a food tray. Their 
Tesults confirm the Anand-Brobeck hypothesis. When the lateral 

Ypothalamus is stimulated, animals that have already been satiated 
With food will nevertheless perform the learned act to obtain more 
ood, and eat what they thus obtain. Stimulation of the satiation 
Center, on the other hand, causes even hungry animals—or animals 
that were hungry up to the moment of stimulation—to forego eat- 
ing, However, there are two different types of behavior that ap- 
Pear under this latter condition, depending on the particular point 
Which is stimulated. 

Stimulation of some medial points caused a defensive start and 

© display of “fear and restlessness which lasted for several min- 
utes after the withdrawal of the stimulus.” In this case we are deal- 
Ing with a kind of negative response which antagonizes feeding, 

Ut is not simple satiation. The stimulation of other medial points 
“fads to rejection of the food without any defensive reaction, and 
m these cases the animal not only resumes eating as soon as the 
Stimulation has ended, but often does so with renewed vigor, dis- 
Playing the “rebound” phenomenon which is a good indicator of 
the cessation of an active neural inhibition. This inhibitory func- 
tion comes out quite clearly when it is used against a background 
9f simultaneous stimulation of the feeding center. When already 
Satiated animals are set to eating by stimulation of the latter kind, 
and inhibitory stimulation (that is, stimulation of the satiation 
Center) is then applied, the eating becomes less intense and may 
Stop altogether; then when the inhibitory stimulus is discontinued 
the rebound phenomenon is likely to appear. j 

Lissák (1955) also reported that stimulation of different areas of 
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the hypothalamus would either inhibit or activate a conditioned 
feeding response, the latter effect taking place, on appropriate 
stimulation, even when the animal was satiated and therefore did 
not respond to the external conditional signal. Similarly, there are 
other points which either inhibit or facilitate a conditional defense 
response. Even prior to conditioning, stimulation of any hypotha- 
lamic point tends to produce a general orientation response. Lissák 
also draws the bold conclusion that "primary completion" of the 
conditional reflex must take place in the hypothalamic region; but 
this statement is followed by an editorial comment that “the edi- 
torial staff does not yet believe there is sufficient basis” for such 4 
view. 

Another exploration of the hypothalamic feeding center was pe! 
formed by Grossman (1960). Using Fisher’s technique (in rats), he 
implanted a small cannula into the feeding center of the lateral 
hypothalamus and stimulated this point by releasing minute qua?" 
tities of crystals of acetylcholine and of norepinephrine, thus selec- 
tively activating either the cholinergic or the adrenergic syste" 
When norepinephrine was used, the previously satiated animals 
would nevertheless consume a fair quantity of dry food during 
the next half hour. They would also take a very small quantity © 
water, but this was evidently only secondary to their eating of the 
dry food, because if the same experiment is tried in a cage in which 
water but no food is available, they will investigate the water but 
not drink any measurable quantity of it. When stimulated at exactly 
the same point with acetylcholine, the animals consume no £004 
but drink large quantities of water. When strychnine is used, Dd 
consummatory behavior appears, Very minor deviations in the 
placement of the cannula suffice to eliminate the effects which 
have been described. In control experiments, Grossman (196 
found that administration of cholinergic and adrenergic blocking 
agents would interfere with these effects in expected ways, support 
ing the interpretation that they were directly dependent on 
activity of the chemical substances, E 

Considering these experiments together, we see that feeding, ?* 
an element of the behavioral repertoire, is imbedded in several 
different behavior-pairs or polar Opposites. First, we have the CO?” 
trast between feeding and satiation as originally postulated. Sec 
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ond, there is conflict between feeding and fear, an observation 
which is consistent, for example, with the behavior of animals in 
the open-field test and in many other situations where either 
novelty or punishment causes the appearance of anxiety and the 
Consequent cessation or nonappearance of eating behavior. Third, 
in the feeding center itself, there is the differentiation between eat- 
ing and drinking, which depends on the opposition of cholinergic 
and adrenergic mechanisms at virtually the same site. When an 
animal chooses not to eat, there may be at least three kinds of 
Motivational influence: satiation, fear, or felt need for liquid. It is 
àn established fact that any one of these inhibits the feeding mech- 
anism, but it is not established that there is any neurological state 
Which can be described as a mere absence of feeding motivation, 
not accompanied by one of these active inhibitions. 

These results remind us inevitably of those obtained by Olds 
With the technique of self-stimulation through implanted elec- 
trodes. Olds (1956) defined an area centering on the hypothalamus 
and involving most of the rhinencephalon or “visceral brain" as well 
as some other structures, within which mild electrical stimulation 
Aas either a positive or a negative reward value. That is, when the 
electrodes are located at some points the animal will work to obtain 
Stimulation, and when the electrodes are located at other points, 
the animal will work to avoid stimulation. The positive reward area 
Seems to be more extensive than the negative reward area, with 
Occasional ambiguities where one passes over into the other. How- 
Ever, since electrical stimulation is being used, it is clear that what 
are being mapped out are areas of preponderant function; and 
We must therefore consider the possibility that both functions ac- 
tually overlap through a great part of this area, each being asso- 
Ciated with a different neurohumoral process. The response rate 
Which is customarily achieved varies greatly from point to point, 
indicating that some points provide more motivation than others, 
as would be expected. In general stimulation of the posterior 

Ypothalamus (which is preponderantly sympathetic in function) 
Provides higher response rates than that of the anterior hypo- 
thalamus (which is preponderantly parasympathetic in function). 
Gelhorn (1957) points out that “the sympathetic functions of the 
Posterior hypothalamus are released under conditions in which 
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the parasympathetic functions of the anterior hypothalamus are 
diminished,” with a regularity which indicates “the validity of the 
principle of reciprocal innervation for the regulation of autonomic 
processes at the hypothalamic level.” , 
Olds (1958) recognized the possibility that he was not dealing 
with a single reward system, but with a multiplicity of reward sys- 
tems associated with different sources of motivation. To study this 
problem, he selected two physiological drive states which he coul 
vary experimentally—hunger, which can be readily manipulated by 
deprivation; and sex, which he manipulated by using castrate! 
male rats and injecting testosterone to cause a rise in androgen 
level which would then be followed by a decline. Thus he was able 
to determine how the response rate with a given electrode pum 
ment would vary under conditions of high or low hunger drive, 
and high or low sex drive. He found that “in places where hunger 
causes the greatest rise in self-stimulation rates, androgens a 
a depression; and in places where androgens cause the greatest ei 
in self-stimulation rates, hunger causes a depression." He conclude 
that there appears to be “a localized hunger-reward system within 
the regions studied differentiated from a localized sexualcreW?" 
system." However, the evidence points to the further conclusion 
that these two systems somehow oppose one another, so that the 
strong activation of one inhibits the activation of the other. " 
Olds, Killam, and Eiduson (1957) studied the influence of yas 
ous drugs on these response rates, and their results provide one 9 
the most dramatic demonstrations of the local specificity of drug 
actions. Reserpine, in a dose which has no effect on the respons? 
rate when the electrodes are placed in the septal region, causes 
a very pronounced reduction in rate of response when the electrodes 
are in certain portions of the posterior hypothalamus. (The read? 
will recall that excitation of the posterior hypothalamus leads to a 
general excitation of sympathetic as against parasympathetic func- 
tions.) Chlorpromazine gives quite different results: the same dose 
which brings about virtually tota] Suppression of response with the 
electrodes fairly deep in the posterior hypothalamus, produces ar 
most no effect in another nearby area, Most striking of all is the 
interaction between LSD and serotonin, In the septal region 2” 
in the extreme posterior-ventral hypothalamus LSD by itself would 
produce brief but almost total suppression of self-stimulation; the 


The Organization of Behavior 371 


prior administration of serotonin would completely prevent this 
effect, and when brom-LSD was used there would be no suppres- 
sion. With the electrodes placed in the subseptal region or the 
middle hypothalamus, serotonin did not antagonize LSD, and brom- 
LSD had an effect even stronger than that of LSD. 

Results such as these show how futile it is to think of the nervous 
System as composed of homogeneous units, which have different 
effects solely according to their positions and interconnections. It 
is evident that units of different function are often located side by 
Side, exerting influence upon one another. These patterns of inter- 
action are far too complex to be reduced to a simple formula of 
Opposition between excitation and inhibition. Within each system 
there is some sort of chemical affinity; and between the systems 
there is a chemical antagonism, more or less intense. Probably the 
activation of any system is more or less antagonistic to any other. 
But apparently the most direct and irreconcilable antagonism is 
that which is exercised between the two members of a pair of op- 
Posite tendencies, each of which represents the behavioral counter- 
Poise to the other, Take the many systems together, and we must 
assume that it is far from sufficient to speak of cholinergic, adrener- 
gic, and serotonergic mechanisms. However, these are a beginning, 
and they show us the direction which our thought must take. Prob- 
ably there are many kinds of excitation, and many kinds of in- 

ibition, 

We shall not consider in detail any other behavioral polarities, 

ut examples will readily occur to the reader. Beritov (1957) states 
that Rozhansky—the man who more than anyone is responsible for 
the Pavlovian theory of sleep—described twenty-four pairs of “com- 
Plex biological reflexes.” Unfortunately, we have been unable to 
find the source for this statement. However, Rozhansky’s pairs are 
Said to include waking-sleeping, swallowing-vomiting, thirst-hydro- 
Phobia, acquiescence-wariness, and libido-frigidity. There is little 
reason to doubt that the same kinds of evidence could be marshalled 
for some of these pairs, if not for all, as that which we have re- 
Viewed in the case of eating-satiety. For example, Law and 
Meagher (1958) found evidence of a sex-inhibiting as well as a 
Sex-facilitating system in the hypothalamus. 

Moreover, facts such as those reviewed in this chapter inevi- 
tably suggest the hypothesis that all the activities of the integrated 
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organism including those patterns of action which develop in p. 
course of experience, must be organized according to the "AC. 
ciple—that is, that the tendency of any stimulus to elicit a gt be 
response, whether by excitation or by disinhibition, will always of 
accompanied by the simultaneous strengthening of are 
other responses. This is an extension of Freusberg’s principle De 
might also be called the principle of specificity of response ev Er 
tion) that inhibitory controls normally operate to prevent edi 
taneous activation of opposed response tendencies. The NE i 
is related to the assumption which Beritov makes, that the es > 
tion of any central nerve cell results in the diffuse inhibition i 
neighboring cells, a process which permits propagation of the 


and injustice, near and 
glad. It is not the necessi 


in 
z - Based on extensive research deali n- 
with factor analysis of meaning and utilizing his semantic differ 
tial technique, Osgood’s studies have now been carried out in m ; 
e world, and have consiste? 


different languages, in all parts of th 
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revealed the same factors of evaluation (good vs. bad), potency 
(strong vs. weak), and activity (fast vs. slow) which first appeared 
in the analysis of word meanings as indicated by Princeton students 
—Wbo are thus shown to be members of the human race at large. 
This leads Osgood to conclude that these dimensions of meaning 
have biological foundations. It seems not at all impossible that they 
might be related to generalized systems such as the serotonergic, 
cholinergic, and adrenergic mechanisms—that is to say, that the 
meaning” of a word depends to some extent, and often very largely, 
9n the degree to which it excites a biological class of responses. 

The picture which is thus given of the living organism, is of a 
Complex of mechanisms which are not only incessantly active, but 
are also incessantly engaged in competitive rivalry. However, this 
rivalry takes place in neurochemical terms, at the synaptic or in- 
tracellular level. Consuming very little energy, it serves to keep 
activity in bounds while permitting the organism to remain at a 

igh level of reactivity. If we reserve the word conflict to repre- 

Sent instances in which there is actual excitation of effector units 
Involved in incompatible responses, at a level sufficient to produce 
at least a minimal overt response, then we may say that such mutual 
inhibition serves to reduce conflict. Indeed, we may say that 
Organized behavior is characterized by the effective inhibition of 
incompatible responses, so that such responses (like the tail-flips 
of Retzlaff’s fish) are never overtly manifest at the same time, and 
that behavior is disorganized to the extent that the absence or 
-reakdown of inhibitory controls permits the simultaneous activa- 
tion of incompatible responses, that is, to the extent that it is 
Conflictfu], 

The adaptive organism must have sensitive reactivity, but it must 
also have regulative control In the developing organism, in its 
embryonic stages, the appearance of each new potential for action 
Must be accompanied by the mobilization of an effective inhibition 
for that potential. The same principle must apply to the acquisi- 
tion of each new behavior potential in interaction with the environ- 
Ment. Otherwise, the unbraked activity of the organism would 
Quickly run it to exhaustion and breakdown while the medley of 
Tesponses, all interfering with one another, would fall short of 
effectiveness. Everywhere in the nervous system, so long as the 
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organism is intact, the physiologist’s delicate probe—the ll eis 
electrode—finds the units ceaselessly discharging. We ca hese 
“background activity” or “neural tonus,” but it is held to e 
limits only by the fact that portions of this activity are P nat 
against other portions, in a balance of inaction which is ison sa 
like the successive phases of imbalance which constitute wes its 
locomotion. The essential processes of the organism, each er 
own systole and diastole, form a contrapuntal harmony, in ken ac 
inhibition and counter-inhibition are in constant interplay wi 
citation and counter-excitation, aratus 
Upon this foundation rise the coping mechanisms, the PTR an 

of locomotion and manipulation, of eating and sex, of pae E ad 
building: a great wealth of adjustive acts which are all he "e 
but all held in check, each restrained by all the others, an ecd 
especially by its Opposite number, its behavioral aie ine the 
the flexion by extension, as inspiration by expiration, so à eating 
grasp by the letting-go, the lying down by the standing d be 
by satiation, all constantly ready, all constantly inhibited. ie js the 
havior which appears out of this balanced inaction, each ma have 
momentary release of one element from the inhibitions whic 


more difficult for others, t 
held in check, 


In terms of automation 


machine 


à are 
© escape the inhibitions by which they 
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When is àn organism "in conflict"? 

Applied to human beings, the phrase clearly suggests the be- 
havior of persons who are torn by conflicting motives, or who waver 
Uncertain]y between different means for achieving an objective, and 
Who in consequence of their "divided minds" fail to perform to the 

est of their ability in the service of either motive, or in the execu- 
tion of either course of action. In other words, conflict implies some 
arrest or difficulty in the process of choice. We would expect that 
“ny useful definition of conflict should help us to understand be- 
Avior of the kind that we have been describing. If a definition of 
Conflict states conditions which are compatible with the orderly and 
eilicient performance of adaptive responses, we must assume that 
Ù has omitted something that is essential to conflictful behavior. 
ith this criterion in mind, we shall consider some contemporary 
€finitions and theoretical formulations of conflict, We cannot at- 
tempt to review all phases of this problem in the short space of a 
Chapter, but we shall try to show how the concept of inhibition, as 
Something more than merely the conceptual Opposite of a positive 
Tésponse tendency, leads to a more fruitful statement of the prob- 
em. 

In their Comprehensive Dictionary of Psychological and Psy- 
choanalytical Terms, English and English (1958) define conflict as 
“the simultaneous functioning of Opposing or mutually exclusive 
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impulses, desires, or tendencies; or the state of a person when op- 
posed impulses or response tendencies have been activated.” No 
alternate definition is given, to suggest that there is anything but 
unanimity among psychologists on this matter. Psychoanalysts, field 
theorists, ethologists, and S-R behavior theorists all agree that con- 
flict is the consequence of the opposition of response tendencies. 
Only one notable exception comes to mind: Pavlov's discussions of 
conflict do not deal with a supposed opposition between tendencies 
to different forms of response, but with the “collision” between in- 
hibitory and excitatory processes relative to the same response. It 
is true that Anokhin (1958) attempts to erase this lack of harmony, 
by stating that whenever Pavlov describes a situation in which such 
a "collision" is taking place, there is also an actual opposition 9 
response tendencies, Nevertheless, it is clear that Pavlov's theoreti- 
cal formulation of conflict was in terms of the adequacy of inhibi- 
tory control, and not in terms of incompatible excitations. 

Lewin (1935) defined conflict as “a situation in which oppositely 
directed simultaneous acting forces of approximately equal strength 
Most readers will recall his analysis 0 
three types of situations involving these oppositely directed forces 
the conflict is minimal if the two forces 


: b flict is produced by competition be 
tween incompatible responses.” But what does incompatible mean 


patible, but the smile can offer very 
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Page of print, is not therefore conflictful. Conflict may be severe 
When we keep our eyes directed to one side, while we are con- 
Sclous of some attractive but socially forbidden target on the other. 
e ruddering action of a fish's tail has two incompatible forms; but 
they function smoothly together in the normal pattern of swimming; 
and when the occasion for a sharp turn arises, one excludes the 

Other effectively enough to avoid all semblance of conflict. 
he incompatibility thesis is stated most circumspectly by Ber- 
yne (1960): “When a stimulus, external or internal, that is asso- 
Clated with a given response occurs, we shall say that the response 
'S aroused, whether or not it is actually performed. . . . When 
9 or more incompatible responses are aroused simultaneously in 

an organism, we shall say that the organism is in conflict.” 
Te Spell out the implication: whenever stimuli associated with 
9 or more incompatible responses occur, conflict results. It is a 
necessary corollary, which Berlyne accepts, that any complex or- 
8anism is at least in its waking state, in almost continual conflict. 
Onflict, according to this view, is simply choice from another as- 
Pect—one does not exist without the other. ; . 
1 By thinking consistently in terms of this definition, Berlyne is 
ed into a strange error which highlights its misleading nature. 
Very student of psychology remembers that both Miller and 
ewin agree that the conflict which results from tendencies of ap- 
Proach to different goals is easily resolved, when no other compli- 
cating factor is present. Nevertheless, Berlyne mistakenly declares: 
Lewin and Miller have shown why conflicts between approach 
Ndencies should be more serious, and resolve themselves with 
Breatey difficulty, than either conflicts between avoidance tenden- 
i onflicts." Indeed, if it were true that 


ei 
the 9r approach-avoidance c i : ! 
© source of conflict is simply the opposition of incompatible re- 


SPonse tendencies, then Buridan’s ass might have starved, and it 
Would be in oxüse for Berlyne thus to "correct" Lewin and Miller. 
here is a particular reason which leads us to doubt the ade- 
Tacy of the definitions that have been cited, and the whole point 
View which they represent. The discussion in the preceding 
Chapter led to a description of the organism as “a pattern of mu- 
ally inhibitory response dispositions,” that is, a system of tend- 
cies to incompatible responses. If the opposition of response 
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tendencies is inherent in the integrated organism, it would be 
strange indeed that this should also be the sufficient cause for con- 
flict. Even if we put aside the special topics discussed in the Jast 
chapter, and think in terms of behavioral motives in the most ge 
eral sense, is it not true that “oppositely directed simultaneous act- 
ing forces” are characteristic of all individuals, including the best 
integrated, and that the person in conflict is one whose behavior 
has somehow been disrupted by the effects of such oppositely 
directed forces, rather than merely one who harbors them? Shoul 
not the definition of conflict help us to isolate the reasons for such 
disruptive activity, rather than naming conditions which are pon 
fectly compatible with integrated, conflictless behavior? 

At this point, it will be useful to digress a little, to consider £ 
parallel whcih exists between the scheme for the organization 3 
behavior which was developed in the preceding chapter, and the 
scheme by which Herbart explained the movement of ideas 1 
consciousness. The reader may recall that William James, — 
stating his hypothesis that neural "drainage" is the basis for learn" 
ing, appended a footnote in which he declared: "This brain-sche™? 
seems oddly enough to give a certain basis of reality to those hide- 
ously fabulous performances of the Herbartian Vorstellungen.” (Se 
page 56 for the complete note.) In the same way, we also ed 
the need to pay respect to that amazing metaphysician, becaus? 
our hypothesis regarding the relationships among behavioral acts 
and their physiological origins, although it was written without ^ 
thought of Herbart, is similar in certain essential respects t? 
account of the relationships among ideas and of the circumstance? 
SER determine their emergence into consciousness. But it i$ ? 
Simply a matter of acknowledging a debt which concerns us The 
an of this parallel implies that there is a logical necessity under 
lying this schema, since it was possible for Herbart to deduce # 
without experimental evidence, It is important for us to understa” 
the nature of this necessity, as a guide to our further thinking: 

Hotes said that if the succession of ideas in consciousness ÍS 
be explained by characteristics of the ideas themselves, which 
conceived as enduring entities, and not by outside forces actin 
upon them, then it must depend on the resistances which they of? 
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to one another, that is, on inhibitions. Without such inhibitory 
effects, they would all have to share consciousness together, in pro- 
. Portion to their strengths, and there would be no movement of ideas. 
Translating this argument into behavioral terms, one may say that 
if the organism has a variety of response mechanisms available for 
activation in a given situation, each associated with a quantitatively 
definable reaction potential, then the fact that one of these responses 
is performed rather than all attempted together, each with a vigor 
Proportional to its own reaction potential, must be due to inhibitory 
relationships among them. 
This argument tells us nothing about the nature of the inhibitions. 
It only tells us that just as for Herbart’s ideas, so also for the be- 
Javioral acts with which the modern psychologist is concerned, it 
zi by no means true that the few elements which appear overtly 
(like the few ideas that appear in consciousness at one time) are the 
Source for all the inhibition of the great number of elements which 
9 not appear. At each moment, all of the response tendencies, in- 
cluding those which remain below the behavioral threshold, are 
“ngaged in many-sided inhibitions, from which one or another may 
°€ released sufficiently to permit it to rise above the threshold, that 
55; to become realized in action. Thus, “singleness of action, which 
errington said it is “the specific office of the nervous system to 
Perfect". like the unity of consciousness which Herbart emphasized 
stises from a background of subthreshold rivalries. Conflict is not 
© necessary outcome of these opposed tendencies. : 
The many manifestations of synaptic inhibition which have been 
Iscussed in this book are all ultimately based on the same original 
and logically deducible need: to provide a means by which an 
Organism can behave in a manner which is both versatile and 
Unified. This unity must be effected either by the intervention of 
Something external to the response mechanisms themselves—that 
© by a physiological surrogate for the faculty of will which Her- 
"It rejected as unnecessary—or by inhibitory relationships among 
© response mechanisms. Without inhibitory restraints for readied 
Tesponses, only a sluggish organism, or one with a very limited 
‘epertoire of response, could survive. Without disinhibitory release 


responses, those inhibitory restraints would be shackles inter- 
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fering with effective action, Although it is true that the pooh 
of conflict is created by this complex interplay of response me : 
anisms, conflict in the behavioral sense is not a necessary «€ 
any more than breakdown is the necessary consequence of the 
that a machine has many parts. : ict" is 
One source of confusion, of course, is that the word "conflic me 
a synonym of “opposition,” and therefore it seems logical to X 
that "opposed response tendencies" imply conflict. But if he 
interpreting conflict in the sense of “behavioral disorganiza P 
this is no longer true. There are many instances of behavi p 
which opposite response tendencies are collaborative, er 
in conflict. It would not be possible to wave an admonishing al a$ 
or to play a violin vibrato, without the simultaneous activatio = 
well as the nonsimultaneous disinhibition) of antagonistic 2 
Hunger and thrist, or love and aggression, need likewise be e : 
in conflict than two woodsmen at opposite ends of a two- es 
saw, Even when opposed response tendencies are not nas ee “tit? 
collaborative parts of a larger pattern, conflict may be P orb 
by the fact that one is commonly (as expressed by F. H. nee y 
1924) prepotent over the other. The behavioral effect of prepo sis iS 
is to obviate conflict, and it is clear that the physiological per 
neural inhibition. As Freusberg (1875) stated the matter, in tra 
tion is an expression of "the remarkable characteristic of the ce? if- 
organ, which does not allow its separate parts to be excited by 
ferent causes at the same time." d to 
Inhibition is the means which the organism has discover » 
achieve the unity of action essential to survival. Conflict represe 


T u$) ilur 
a breakdown in Freusberg’s "remarkable characteristic," a fe ple 
of the nervous system to 


; Pus ice, whi ss Jast 
as evidence for a Spinal soul.” Foy Lashley, in one of his BE 


5 
: are still presented in the frog 
struggle to wipe away a drop of acid, 


Choice and C onflict MÀ 


Voluntary action is usuallv defined as a choice between two foreseen, 
alternative actions. This is beautifully illustrated by the spinal frog. 
If a bit of acid is placed on the midline of the rump, the preparation 
Tesponds by alternate jerking of the hind legs; incipient wiping move- 
ments. Finally the motor system of one leg performs the complete 
Wiping reflex, while the other is extended. Here is foresight; we often 
See a man making such tentative actions while he is reaching a decision, 
and his verba] debating (foresight) about it is only a substitute for 
other alternative actions. After the period of indecision, of vacillation, 

e spinal frog also reaches its decision. Save in the complexities of 

e alternatives, the procedures are the same (Lashley, 1958, p. 7). 


However, it is misleading to compare the vacillations of the 
€capitated frog with those of cortical man, as if they were two 
Points of an uninterrupted continuum. The intact frog, in the same 
Situation, would reach the bit of acid with the first wipe of one leg, 
while the other was extended, its wiping action inhibited. In other 
Words, the conflict in the spinal frog’s behavior arises in this in- 
Stance from inhibitory insufficiency, which has as a result that for 
a while both legs try to perform the act, and neither succeeds. The 
man’s “verbal debating” of alternative courses of action is not 
necessarily a sign of conflictful vacillation. It can be effectively 
Performed only because the man can inhibit one course of action, 
Including its verbal expression, while considering the probable 
Outcome of the other; he would be in conflict if he were occupied 
simultaneously or at least intermittently with the imaginary per- 
Ormance of several courses of action, in a way that would make it 
impossible for him properly to evaluate any: that is, if he also ex- 
Perienced inhibitory insufficiency, relative to his need for control. 

To choose relevantly, it is necessary to hold all other considera- 
tions in abeyance. Recognizing this, Lashley points out that when a 
System in tonic activity’ dominates the brain, other systems are 
not readily activated. Intense stimuli or those of special meaningful- 
Ness may break through, but “the great mass of afferent excitation 
'S excluded, This blocking might be either an active inhibition or 
the pre-emption of neurons which might otherwise be included in 
the blocked system, The phenomena of attention demand some such 
Ypothesis." Lashley prefers to think in terms of an organization 
of neurons excited at subthreshold levels. We, of course, favor the 
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other alternative which he suggests: active inhibition is required to 
permit orderly choice behavior, and it is therefore the basis for the 
reduction of conflict. 

If one criterion of conflict is impairment or loss of efficiency, 
then we must distinguish between conflict on the one hand, an 
competition or rivalry of responses on the other. The latter terms 
do not carry the same connotation of disorganization. Thus de- 
fined, conflict is not a matter of opposed responses or respons? 
tendencies, but of failure in the inhibitory control of such ten í 
encies, leading to simultaneous disinhibition of incompatible 5. 
tivities. A major determinant of conflict is therefore the individua i: 
inhibitory capacity. The same "opposed response tendencies" whic ; 
might create an intolerable situation for one person might presen, 
no difficulty at all for another. There will, of course, be importa? 
individual differences in the areas in which such difficulties ant 
Nevertheless, it is permissible to use the term “inhibitory capaci 
in much the same way in which we commonly speak of w 
gence,” as a quantifiable characteristic of behavior which he 
composite of many specific abilities, Just as of two persons: | "m 
one with lower intelligence may still excel in some of the abilin® 
which enter into the composite, so in the same way, the individu 
with higher overall inhibitory capacity may have less control ? 
some particular area of behavior, Whether generalized or spect ie 
conflict is always a matter of choice pathology, which is depende? 
sae Hie faulty integration of response tendencies and not merely p 
their number and their strength. ] 1 

emotion? 


What we have been saying of "responses" applies to the em the 
responses with the same force as to those by means of which `; 


;gsinhi 
mment. Here, too, ease of disi? g 


se 
thors 
of 


1 i iti 
pT te enn en fi 
A S, previ e 
(Diamond, 1957), should be revised to iei rud stated by one of hibition 
unlearned response patterns,” : “relative ease of disin! 
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he likens the relations of the limbic lobe and the neocortex to those 
of horse and rider, two creatures “very much alive to each other 
and to their environment, yet communication between them is 
limited.” The “patient and sympathetic horseman” must try to learn 
why “the horse may shy and bolt for reasons at first inexplicable to 
the horseman,” in an effort to reduce this maladaptive overrespon- 
Slveness, 

If conflict were only a matter of the opposition of response tend- 
encies, then degree of conflict would depend on the characteristics 
9f such tendencies. Pursuing this point of view, Berlyne (1960) says: 

gree of conflict must surely increase with (1) the nearness to 
equality in strength of the competing response tendencies, (2) the 
absolute strength of the competing response tendencies, and (3) the 
number of competing response tendencies.” He considers the pos- 
sibility that “degree of incompatibility” may be a fourth deter- 
minant, but decides that it can probably be reduced to the other 
Variables, He offers experimental evidence, such as the fact that 
response times are prolonged when the individual is given a free 
choice of several possible responses rather than just two. However, 
Such evidence does not go to the heart of the problem, which is not 
Whether these are some of the determinants of the degree of con- 

ict, but whether they include the principal determinants, under 
© conditions of motivated adaptive behavior. To us it seems that 
eir influence is relatively slight, almost trivial. Even in the labora- 
tory, the entire history of reaction experiments supports the ex- 
Pectation that individual differences will greatly overshadow dif- 
erences due to such treatments; that is, for some individuals it 
Will matter only a little that the number of alternative responses 
ìs increased, and for others the effect will be enormous. In other 
Words, the degree of conflict will not be fixed by the number and 
Characteristics of incompatible response tendencies, but by char- 
acteristics of the process of choice among them. Again we empha- 
Size; incompatible response tendencies set the stage for possible 
Conflict, but they are not the sufficient condition for conflict. 
£ conflict arises simply from opposition of response tendencies, 
then, as Berlyne says, “the simultaneous instigation of conflicting 
Chains of events will result, at least initially, in blockage, mutual 
impediment, and, in short, the absence of definite response. . . . If 
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two responses are activated simultaneously and with about equal 
strength, the most likely outcome is that each of them will succee 
in inhibiting the other so that neither will come to fruition.” e 
lyne also recognizes that “the launching of one piece of adaptive 
behavior is generally accompanied by the inhibition of structures 
that might bring other response processes into play,” but he ap- 
parently does not interpret this as a means by which conflict is fre- 
quently excluded even when nearly simultaneous and nearly equ? 
instigation of responses occur. For him, the shade of Buridan sti 
walks. 

d Maier's (1949) experimental study of frustration throws interest- 
ing light on the supposed relationship between degree of conflict 
and the relative strengths of simultaneous response tendencies. I2 
the early trials in the jumping situation, faced with a discrimination 
problem of only moderate difficulty and before any marked prefer 
ence has been established for a particular response, the hunger" 
motivated animals will respond without much hesitation, and pe 
is no reason to say that they are in conflict. After many trials W : 
an unsolvable problem, the repeatedly punished rat may develop iy 
great reluctance to jump at all; when forced to do so (as mE E 
blast) it responds with an invariable position response, OY a 
normal fixation.” It is now in conflict, although on a superfici? 
analysis one might Say that the response tendencies are now quit? 
unequal, since one response is consistently performed rather tha? 
the other. But does this mean that the tendency to the “preferre 
response is really stronger than the other? Not at all; the animé 
may even show, in the length of time spent in postural orientatio" 
toward each window, a preference for the response which it never 
performs! The fixated response is not one which has a stronger 
response tendency associated with it, but the one which is co 
Situation is quite justly compared to 7 
who is strongly motivated to some actio 


but also strongly fears it, or circumstances attached to it. But à n 


all, do we not all, in our 
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Sidering the factor of ease of disinhibitory release! The frustration 

Situation, in which the lack of correspondence between positive 

motivation to response and behavior is made conspicuous, serves to 

emphasize this fact, but the situation is not really so completely 
ifferent from “motivated behavior" as Maier supposes. 

The problem of frustration has received a very different treat- 
ment from Brown and Farber (1951), who state a theory which has 
recently been further elaborated by Brown (1961). Writing in the 
Eeneral context of Hullian behavior theory, they conceive of frus- 
tration as a hypothetical state of the organism which is brought 
about whenever two competing habit strengths are jointly ac- 
tivated by drive. It is explicitly recognized that the competing 
tendencies may be tendencies to two different responses, Or ex- 
citatory and inhibitory components relating to the same response, 

ut these two situations are not regarded as essentially different. 
Tn either case, frustration manifests itself as an increase in drive, or 
In new interoceptive stimuli. Since a multiplicative relationship is 
assumed to hold between drive and habit strength, relatively small 

ifferences between the two habit strengths become magnified by 
the increase in drive. On the other hand, the new internal stimuli 
Produced by the frustration state tend to elicit behaviors which 

ave previously been associated with such stimulation, or unlearned 
Species-specific behavioral tendencies such as the “displacements” 

€scribed by the ethologists, which will be discussed below. Such 
Stimuli therefore lead to forms of response which tend to be 
maladaptive, because they are independent of the external stimuli 
Which initiated the response tendencies giving rise to the frustration 
and having little likelihood of removing those stimuli. 

Considered solely as an explanation of the disruptive and mal- 
adaptive effects of conflict, this theory has much to commend it; 

ut again it fails to meet our criterion, that conflict (or frustration) 
Shall not be defined as the outcome of conditions which are com- 
Patible with orderly choice behavior. Brown and Farber explain 
too much, because the scheme they present is one which will lead 
to ever more complex configurations of excitatory tendencies, throw- 
ing the organism deeper and deeper into maladaptive conflictful 
behaviors. The real problem, after all, is not the explanation of 
Conflict, but to understand why the richly responsive organism is 
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not hopelessly in conflict due to the continual opposition of m 
compatible response tendencies. The answer to that problem is 0- 
hibitory choice, and the answer to the problem of conflict, in its 
many forms, is then nothing more than a recognition of the many 
ways in which the mechanisms of choice can fail to serve their 
purpose. 
À Some interesting examples of behavior arising from simultaneous 
incompatible response tendencies are those reported by the etholo, 
gists in their studies of the innate response patterns of birds 2? 
fish, and especially of the courtship, nesting, and territorial deles 
patterns. Hinde and Tinbergen (1958) state: "Recent studies of bot 
fishes and birds have shown that a threatening animal has two 1 
compatible tendencies: to attack its rival and to flee from it. Simi- 
larly a courting bird has three incompatible tendencies: to attacks 
flee from, and behave sexually toward its mate. The nature of the 
behavior shown at any stage of the courtship depends on M 
strengths and relative strengths of these conflicting tendencies: S 
The competitive rivalry of such incompatible response tendenc 
is said to give rise to three types of display movements: intentio" 
movements, which are abbreviations of the original activities; i 
placements, Which are apparently irrelevant activities; and redire*, 
tion activities, which are comparable to the “displaced aggression 
that has been described by Miller (1948). However, it is of UE 
Breatest importance to remember that each of these activities w 
be highly ritualized, showing sometimes minute nuances of ifen 
ence from one species to another, and that because of this five 
character they are able to function as signals to other members 
the species, who are rivals or partners in the social setting fot t 
behavior. They serve as releasers for the IRM's (internal releni 
mechanisms) by which innate responses in th ther individu? 
are disinhibited (Tinbergen, 1951) oim 
In describing this behavior 
For example, Tinbergen (1960 
take up a certain posture? The 
ate situation in which a gull stri 
summed up in a single word: 


the word conflict is frequently used: 
) writes: “But what makes the P 
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directed against inanimate objects or displaced by some irrelevant 
activity such as the nest-building head flick in the gull or the light- 
ing of a cigarette in man.” 

So it goes on, but we also read: “Somehow in the course of evo- 
lution these ‘involuntary’ expressions of inner conflict between two 
Incompatible response tendencies acquired value as signals. . . . 
Once a given posture acquired such a value, it is apparent that it 
tended to become quite clearly differentiated from the movement 
in which it originated." 

Is it correct, however, to describe as conflictful the highly ritual- 
ized actions which are carried out with strict uniformity by all 
members of a species (or at least by all those of a given sex), and 
Which have become “clearly differentiated" actions having their 
own functional significance and a definite survival value, as in re- 

ucing or even totally eliminating the actual physical combat be- 
tween members of the species? While accepting the correctness of 

inbergen's basic position, that these display movements have 
arisen, in the evolutionary sense, out of the conflict of incompati- 

le response tendencies, must we not at the same time recognize 
that conflict is absent or greatly reduced when they have evolved 
to the point of constituting “clearly differentiated” signalling be- 

avior which is no longer disruptive? This differentiated behavior 
Must depend on the particular patterns of neural activity which 
have been developed for the inhibition of these incompatible re- 
Sponses, 

The conflict of incompatible responses does exist at times, par- 
ticularly in behavior which is not species-specific, and it can be ex- 
tremely maladaptive. Dilger (1962) describes the nesting behavior 
Of lovebirds, which are a genus of parrots. The more primitive 
Species tuck small strips of nest material among their feathers, and 
thus transport six to eight pieces at a time to the nest site. The 
More recent species build more structured nests of larger materials, 
and transport these one at a time, in their bills. In the laboratory, 
Dilger observed hybrid birds which had inherited dispositions to 
both patterns of nest building. He describes these birds as “com- 
Pletely confused,” since they never succeeded in carrying material 
to the nest site except in their pills, but originally engaged in long 
Sequences of abortive tucking behavior, using the method of bill- 
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transport only about 6 percent of the time. “It took two years for 
them to learn to diminish actual tucking activity to any great ex- 
tent," and even after three years they would still resort to it oc- 
casionally. Dilger remarks that although they have never once been 
successful in transporting materials in their plumage, their ae 
tempts to do this are becoming more efficient at the same time 
that they are becoming less frequent! 

There can be no doubt that the behavior of these hybrid birds 
can be properly described as conflictful, although the degree of con- 
flict has been progressively reduced by the gradual suppression of 
the ineffectual response. So, too, in the threat postures and court- 
ship behavior of normal birds and fish of many species, as described 
by Tinbergen, Hinde, and others, conflict exists only to the extent 
that there is uncertainty in the behavior sequence. Those invariable 
ritual acts which appear to be the survivals of conflictful behavior 
which may be assumed to have existed in the evolutionary past of 
the species, have now lost the character of conflict, but represent 
instead adaptive responses which are mediated by inherited relation- 
ships among incompatible responses. The degree of conflict which 
exists, in the individual case, is not so much dependent on the 
number or the strength of the incompatible response tendencies 
present in the situation, as on the degree to which readily disinhib- 
ited “displacement” activities are available in the behavior repet- 
toire. 

Liddell’s extended research on conditional responses established 
under stress illustrates many of the facets of choice pathology: 
Recently, Liddell (1959) has related his conditioning procedures o 
the background of “self-imposed restraint established through train- 
ing in the conditioned animal" A basic procedure is to expose the 
animal to a signal followed by shock. No discriminative choice 
among stimuli need be required. After some training, the animal 
adopts the posture of “self-imposed restraint" while awaiting the 
signal, and it is possible occasionally to observe a "vigorous post 
tive conditional reflex which is not signal-bound but which suggests 
a vivid hallucinatory reaction." Animals that have been subjecte 
to "graded doses of traumatic experience" sometimes show far more 
general loss of control. For example, Liddell mentions that when 
a photographer approaches a flock of Sheep grazing, the entire 
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flock may take flight in one direction, while “an experimentally 
neurotic ewe ... flees in the opposite direction. Her damaged 
gregariousness menaces her survival. When dogs gain access to our 
flock at night, it is one of the neurotic sheep that they kill.” Similarly, 
the majority of these neurotic ewes may abort or fail to establish 
adequate maternal-neonate relations. Many other examples might 
be cited to illustrate effects which Liddell believes are due to a 
chronic or self-perpetuating state in which there is faulty control 
of emergency reactions.” The point is that the neurotic loss of con- 
trol affects not only the behavior in the conditioning stand, but also 
affects mechanisms of adaptation which are usually considered 
Species-specific modes of responding. There is an evident choice 
pathology even in situations which would not be expected to in- 
volve conflict. Apparently the prolonged periods of "self-imposed 
restraint" influence the general background of neural activity, in- 
cluding the inhibitory controls of many other behaviors. Yet the 
Shock delivered is so weak as to be scarcely detectable to the human 
hand, and what seems to be most punitive in the experimental 
Situation is its monotony. The effects described take place even 
More rapidly in the young or newborn animal, and therefore it is 
difficult to conceive of them as resulting from the competition of 
either “learned” or “innate” response tendencies. They are obviously 
Comparable to instances of pathological anxiety in humans. 

We shall turn for our last example to human behavior, but we 
Shall not take it from either the laboratory or the clinic. Any day ona 
Playground, you can hear one youngster say to another, “I'll choose 
you! Odds or evens?” The election made, the two boys simultane- 
ously thrust out a hand, with either one or two fingers extended, to 
make a total that is odd or even. In this way, they are introduced 
to the problems of game strategy; which have occupied so many 
Mature minds in recent years. Let us say that Tom, thus challenged, 
Chose odds, thrust out one finger on the first try, and found his 
Maneuver had been unsuccessful; his opponent also extended one 

nger, and won on evens. For the second trial, Tom, if he is very 
Simple minded, may react perseveratively, again with one finger. 

he is just a little less simple, he thinks: "Td better change, and 
lie extends two fingers. If he is a moderately complex youngster, he 
Says to himself, “He thinks I'm going to switch, so I'll fool him, TIL 
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put out one finger again.” Or if we are dealing with a pair of very 
bright boys, Tom may say to himself, “He thinks I wouldn’t do the 
obvious thing and switch, so he expects me to put out one finger 
again, but I'll fool him, I'll do two.” And so on, through cycles of 
expectation and counter-expectation, each of which involves added 
elements of inhibition. 

All this must transpire quickly, for Tom must make his choice 
in the short space of time in which the two boys draw back their 
hands, and then simultaneously thrust them forward again. As they 
complete this gesture, the suddenly outstretched fingers are a sym- 
bolic expression of what Lloyd Morgan called “the faculty of the 
forked way.” It is the faculty of the reacting organism to deny some 
of its potentialities, in order better to realize others. When we can- 
not make this choice, we are like the beheaded frog struggling to 
wipe away the bit of acid, and making ineffectual movements with 
both legs, where either might do the job. 


CONCLUSION 


As we end our labors on this book, we are painfully aware that 
the volume of research on the problems of inhibition is growing at 
à pace which makes it impossible for us to keep abreast of it, let 
alone synthesize it successfully; and that the possibilities of applica- 
tion are infinitely broader than we have been able to illustrate by 
Our efforts in that direction. How many tempting paths have been 
left unexplored, how many fascinating facts have been left unre- 
Ported! And not without conflict! Nevertheless, we can hope that 
We have directed the attention of some readers to the importance 
gr Inhibition for psychology, and to the perspectives which applica- 

us of that concept offer for the development of psychological 

Cory, 

Making use of the concept of inhibition does not by itself guaran- 
tee quick and easy solutions for long-standing difficult problems, nor 

Oes it provide insurance against error. Above all it holds forth no 
Promise for simple answers. Quite to the contrary, it seems to com- 
Pel an advance to greater complexity in theory construction, to 
a picture of behavior in which each act emerges from complex 
teractions, and there is no room anywhere for relationships as 
Simple as the S-R bonds of what we may term theories of response 
excitation. 

One of the lessons which emerge from the history of the concept 
®t inhibition is that the principle of parsimony in theory construc- 
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tion has not been an unmixed blessing. If it has prevented error at 
times, it has also stood in the way of progress at other times, As the 
role of theory construction in science has changed from an em- 
phasis on explanation to an emphasis on hypothesis, the restraining 
influence of an injunction against the multiplication of entities has 
lost its old importance. The scientist of the twentieth century is 
aware that his theories must invite and withstand experimental test. 
He must not fear complexities, and rather than adhering to an ideal 
of parsimony he must boldly face the problem of what is the proper 
level of complexity for a theory which is to deal adequately with 
the phenomena he wishes to explain, so that he may match his 
theory to the phenomena in this respect. The technique of factor 
analysis has been recommended as able to perform this service in 
some of our research, by determining the minimum number of 
variables which must be used in the description of a given psycho- 
logical domain (Thurstone, 1947). Anyone familiar with the gen- 
eral trend of factor analytic studies will recognize that we are more 


grasp. Surely, something of this sort has happened again and again 
in the long history of the concep} 
been such reluctant 
results which distur 
What ingenuity wa 
neural level, inhibition did not take 
level, that such hypoth 


To speak out against parsimony is almost like taking a stand in 


favor of sin, but it would probably not be difficult to discover simi- 
lar examples in other fields of scien 


has been checked by refusal to 


und. If theory must not multi- 
neither must it deny existence to 
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those that are indispensable. Whatever the need of the past to 
inhibit" uncontrolled speculation, experimental and conceptual 
techniques have reached a level where each added degree of com- 
plexity, in dealing with phenomena that are themselves complex, is 
more to be welcomed than shunned. The concept of inhibition, with 
all that it implies regarding the interaction of systems and struc- 
tures in the nervous system—or, on another descriptive plane, among 
the component parts of behavior—pushes us toward this needful 
complication of psychological description and hypothesis. 

Our second general conclusion relates to the role of inhibition 
in the evolution of behavior. The study of inhibition provides force- 
ful illustration of the principle that the structure which evolves in 
the service of one need often gives rise to new potentialities for 
further development. Since all behavioral choice rests on inhibi- 
tion, it is all an outgrowth of the primitive needs which first gave 
rise to an antiexcitatory process. These primitive needs are of two 
kinds, One was suggested by Freud (1920), in his conjecture that 
the primitive organism must somehow be shielded from the hazards 
Of excessive environmental stimulation. Support for this point of 
view may be found in the fact pointed out by Schneirla (1959), that 
the locomotion of many lower organisms is not concerned with 
Positive orientation toward food and the like, but with withdrawal 
from sources of intense stimulation. As sensitivity to environmental 
stimulation is heightened, the need for such protective inhibition 
increases, leading to the inhibitory modulation of afferent activities. 
This leads in the vertebrates to such mechanisms of interaction, be- 
tween the brain stem and higher brain centers, as have been con- 
Sidered in earlier chapters. When any such apparatus has been 
developed to a fair degree of complexity, it provides a basis for ex- 
Periential modification of behavior generally, through processes 
which we designate as “perception” and “attention,” but which con- 
sist essentially of modulation of the intensity of the components of 
stimulation. 

The other type of primitive inhibitory need is for adaptive cessa- 
tion of otherwise automatic activity. Such activities may be initiated 
and sustained by purely local, non-nervous processes, but if they 
are to be checked by negative feedback, something like nervous 
communication is necessary. Inhibition was therefore no late de- 
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velopment in nervous control, which appeared alongside of excita- 
tion as a further development in already elaborate nervous systems. 
A purely excitatory nervous system could not evolve beyond a very 
rudimentary stage without introducing unsupportable new difficul- 
ties into the life of the organism. 

Once inhibition arose as a nervous function, it created novel 
possibilities for enrichment of the behavioral repertoire. As the 
capacity for response inhibition increased, organisms were enabled 
to advance to new levels of sensitivity to environmental influence, 
and they could acquire new means of responding to the same situ- 
ation with different elements of their behavioral repertoire, and 
different combinations of those elements. Later, the inhibited re- 
sponse could be utilized as a kind of rehearsal, a process which led 
to the development of thinking. A comparative survey of the role 
which inhibition plays in animal behavior, done with some thorough- 
ness, should clarify the main lines of this development. However, it 
seems highly probable that the capacity for all forms of behavioral 
plasticity, including thought, had its beginnings in the primitive 
needs for filtering intense stimulation and for response cessation. 

Physiological research on inhibition dealt first with those forms 
which serve the need for response cessation, and later with those 
which are involved in control of central activity and afferentation. 
The principles of inhibition which emerged from our historical 
survey include the following: 

Neural impulses sometimes serve to relax muscles (Bell). . ++ 
There exist cerebral structures capable of inhibiting spinal reflexes 
(Sechenov). +». Action often comes about by release from such 
inhibition (Anstie). . . . This release is often effected by the in- 
hibition of an inhibition (Brunton). . . , Activation of one response 
normally precludes activation of competing responses (Freus- 
oy dd inhibition is essential to keep cortical activity in 

ain)... Perceptual selectivity is an inhibitory 
process (Wundt). | |, Coordination of rhythmic responses is due 
of the components (Sherrington). . . . Sen- 
tonic inhibitory modulation (Head). 
Dcepts arising from modern neurophysio- 
ute to the development of a total picture 


of the manner in which inhibitory processes participate in behavior: 
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The nervous system is a complex of chemically differentiated 
subsystems (Dale). . . . The mechanism of inhibition is synaptic 
hyperpolarization (Eccles). . . . Cortical arousal is mediated by 
reticular activation (Magoun). (We venture to restate this last in the 
hypothetical form, that local cortical inhibition is subject to dis- 
inhibitions of reticular origin.) 

To understand plasticity in behavior, it is necessary to avoid the 
overemphasis on “learning” which has been characteristic of most 
behavior theory. The ability to form associations, and the still higher 
ability to attain understandings, can only arise where there already 
exist a number of mutually inhibitory ways of responding to the 
same stimulation, What appears in one context as chemical dif- 
ferentiation of the nervous system, in another context as the inter- 
play of systems in the hippocampus and other limbic structures, in 
still another as the rivalry of opposed response tendencies, is every- 
where the expression of the inhibitory mechanisms which extract 
unity and moderation from diversity and potential self-destructive 
excess, When these controls are defective, or temporarily inadequate 
to the stress placed upon them, various pathologies of choice appear, 
but much more impressive is the degree of behavioral unity which 
is achieved from moment to moment, despite the constant rivalry 
of potentially incompatible actions, by a nervous system which, 
when it functions well, is able to exclude maladaptive conflict with- 
Out suppressing spontaneity or unduly restricting the organism's 


Spectrum of choice. 
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Achievement, 251 
distal effects as, 272 
Act inhibition, 7 
Action theory of consciousness, 158 
Activation theory, 226 
Acts vs. movements, 257 
Adrenergic-cholinergic systems, 98, 
338 
Afterburst, 126 
Afterdischarge, need to limit, 55 
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internal organs, 219 
interoceptors, 216, 220 
irradiation and, 209 
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Differentiation, motor responses, 69, 
357 
reflexes, 83-86 
Discrimination, photic stimuli, 232 
unit activity in, 231 f, 
Disinhibition, 16, 19, 44 £,65 
arousal and, 362 
choice and, 145 
conditional inhibitor, 192 
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caffeine, 185 
carisoprodol, 351 
chloroform, 33, 35 
chlorpromazine, 343; conditional re- 
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stimulants, 100, 343; 
and, 355 

Strychnine, invertebrates, 71, 74, 
80; cerebellum unaffected, 101, 
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visceral palsy, 328 f. 
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External inhibition, 184, 188 
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contiguity theory, 258 f. 
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multiple, 248 
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Field theory, 255, 296 f. 
conflict theory, 376 f. 
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Figure and ground phenomena, 174- 


176 
Fish, cleaning symbiosis, 82 f. 
control of tail, 82 
Flatworm, 71 f. 
Frustration, 384 f. 


Galilean method, 253 

Gestalt psychology, 159, 174-176 
electrical field theory, 255 
thinking, 256 

Grasp reflex, 319 
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Habituation, 283-285, 365 
nondisinhibition, 129 
postrotation nystagmus, 284 
primary learning process, 285 
unit activity in, 231 
vs. sensitization, 283 

Hallucinations, 242 

Heart, 20, 22 

History of inhibition, review articles, 
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Hyperkinesis, 165 

varieties of, 115 


Hypermotility, midtemporal lesions, 
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perceptual palsy and, 325 f, 

receptive aphasia, 327 

visceral palsy, 329 
Hyperpolarization, 90, 94 
Hypersexuality, 119, 382 
Hypnosis, concentration theory, 58 

drainage theory, 17 f. 

localized sleep, 186 

reduced inhibition, 49 
Hypokinesis, 165 

Ypotonia, in Down's syndrome, 319 

in maternal deprivation, 306 


Idiot Savant, and autism, 335 
Imageless thinking, 179 
Imagery, 155 
movement and, 165 

Imagination, 16 
Imprinting, 143 

rug effects on, 350 £. 
Impulsiveness, 46 
Taitoa, 195 f. 
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Inhibition, cell assembly theory and, 
372 
cortical, 125-130 
definitions, 7-9 
development of, 310; Down’s syn- 
drome, 815-317; grasp reflex, 
319; motor palsy and, 325 
internal, 184, 188 
intervening variable, 187 
learning as, 287 
learned, 31 
motivational, 117-120 
motor, 113-117 
plasticity and, 277 
principles of, 394 
reactive, 176, 262 
reciprocal, 267 
See also Competitive exclu- 
sion; Cortical inhibition, lo- 
cal; Disinhibition; Internal 
inhibition; Perceptual selec- 
tivity; Relaxation, muscular; 
Release; Rhythm; Sensory 
inhibition, tonic; Spinal in- 
hibition, tonic; Theories of 
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Inhibitory capacity, 382 
drug effects, 345 
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in earthworm segments, 74 
Inhibitory controls, supplementary, 
braces, 324 
goal behavior, 323 
intellectual task, 321 
mother, 297, 305 f.; maternal de- 
privation, 306-308 
muscle reeducation, 393 f. 
skilled acts, 395 
space boundaries, 310-312 
Inhibitory interneurons, cortical, 96 
spinal, 6, 95 f. 
Inhibitory nerves, found in crusta- 
ceans, 40, 78 
postulated, 8, 20 
questioned, 25, 28, 54 
Instinctive behavior, as release, 38 
See also Unlearned response 
patterns 
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Instincts, in connectionism, 958 
inhibition of, 145 
Instrumental conditioning, 201 
Intellectual functions, 46 f. 
Intellectual growth, 303-305 
Down's syndrome, 316 f. 
factors of, 303, 305 
life-space and, 311 
perseveration, 323, 328 
regulatory function of speech, 304 f. 
See also Symbol manipulation 
Internal inhibition, 184, 186, 189 
age characteristics, 290 
Internal release mechanism, 87, 386 
Intestines, 25 
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Invested energy, 168-171 
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alpha blocking in, 235 
attention and, 234 
components of, 235 
hippocampus and, 243 f. 
source of inhibition, 236 
specialization of, 235 
Irradiation, of inhibition, 194 f., 203, 
209 
limited by neuropil, 204 
Irritability, 93, 60, 92 
Isomorphism, 174 


Lability, 53, 207 
Law of effect, 166 
Learning, conditions for, 139 
curve of, 252 
hypotheses as, 251 
inhibition as basis of, 287 
perceptual restructuring as, 255 
repetition not essential, 256 . 
See also Conditioning; Plasti- 
city; Learning theories 
Learning sets, 288 
inhibition involved, 287 f. 
oddity problem, 288 
Learning theories, 249-269 
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contiguity, 257-260 
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inhibition theory, 287 

neural drainage, 55 f. 

reinforcement theory, 260-266 
Life space, 309-312 

mastery and, 311 

perceptual apparatus and, 310 

withdrawal and, 310 
Localization of function, 198, 940 
Locomotion, 64 

earthworm, 73 

fish, 81 f. 

flatworm, 71 

grasshopper, 78 

invertebrates, 80 

mammalian, 63 f. 

sand dollar, 79 


Mass action, 83 f. 
Maternal deprivation, 297 f., 3806-308 
Maturation, fetal, 83 f. 

release and, 36 

See also Developmental stages 

Memory, and hippocampus, 119 
Mimicry, 316 f., 355 
Mind-body relations, 15, 17, 147 
Mirror foci, 275 
Mollusca, 72 f. 
Mongolism, see Down’s syndrome 
Moro reflex, 306 
Mosaic of functions, 198 
Mother, role of, 305—308, 323 

and autism, 332 f. 

and life space, 311 f. 

and psychoanalytic theory, 297 

and tactile stimulation, 306—308 
Motor associative reflex, 201 
Motor cerebral palsy, 822-825, 328 
Motor memory, 292 
Motor theory of consciousness, 165 
M. speculatrix, behavior model, 66- 

68 

Muscle reeducation, 323 f. 


Narcosis, 47 f., 64 
nerve conduction and, 51 
release and, 35 
Negative practice, 293 
Negativism, 306 f. 
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Nerve impulse, depolarization, 90 f. 
electrical concept, 24 
Nervism, 181 
Nervous system, chemical differentia- 
tion, 339, 366 
hierarchic concept, 36, 55 
humoral concept, 96 f., 374 
linear circuitry inadequate, 285; 
oversimplified, 239 
Neuralgia, 36 
Neurohumors, 92, 103 
Neurological signs, 325, 329 
Neurology, influence on psychology, 
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Neuromotor apparatus, ciliates, 138 

Neuron, membrane structure, 89 
theory, 62 

Neuronal model, 236 

Nonreinforcement, 182, 184 


Objectivism, 66, 182 
Obsession, 156 
Organ, analogy of, 65 
Organic defect, see Anencephaly; 
Aphasia; Autism; Cerebral palsy; 
Down’s syndrome 
Orienting, see Investigatory reflex 
Oscillation, behavioral, 262 
postulate of, 265 
Overstimulation, control of life space, 
310 f. 
epilepsy, 321 
life hazard, 171 f., 393 


Pain, 123 

Parabiosis, 52, 54, 205 
Paradoxical phase, 54, 194 
Paradoxical state, in nerve, 52 
Paralysis, not inhibition, 9 
Paramecium, 68, 138 
Parkinsonism, 115 


‘or. principle of, 5, 178, 391- 
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Patellar reflex, inhibition of, 50 
Perceptual agnosia, 333 
Perceptual defense, 176-179 
Perceptual instability, 175 
Perceptual palsy, 325-397 
autistic child and, 333 £. 
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biochemical lesions and, 328 
defined, 322 
Peripheral inhibition, crustacea, 95 
hazards of, 110 
visceral, 110 
Perseveration, 323, 328 
ACh metabolism and, 354 f. 
Personality in mental defect, aggres- 
sion, 321, 328 
hypermotility, 321, 325-327, 329 
negativism, 306-308 
regression, 306 f. 
rigidity, 314, 318, 335 f. 
social behavior, 317, 332-834 
See also Autism; Down's syn- 
drome 
Phi-phenomenon, 174 f. 
Physiology, how different from psy- 
chology, 133 f. 
Planarians, 71 £. 
Plasticity, 270-295 
functional, 276 
limits of, 279 
parameters of, 286 
range of, 276 
Polarities, behavioral, 357, 363, 368 f., 
371 
Polarization, neuron membrane, 90 
Positive feedback, 100 
and S-R theory, 109 
Potentiality, error of, 298 
Precocity, in defective development, 
300 f., 336 
Prepotent stimulus, 142 
Protective inhibition, 171 f., 186 
Protozoa, 68-70, 138 
Proximal independence, 271, 289- 
291 
increases of, 291 
Proximal reference, 257 
Psychic secretion, 181 f. 
Psychology, approach of, 136 
definition, 183-135 i 
Psychomotor epilepsy; see Epilepsy; 
artial 
Psyc hotherapy and brain injury, 320, 
328, 331 
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Quiescence, fetal, 85 
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Rage, amygdala and, 87, 118 
decerebrate, 62 
hypothalamus and, 117 
Range of consciousness, 13 
Reaction potential, 261-266 
Reactive inhibition, 176, 262 
Reactivity, 272 
Receptor development, learning and, 
139 
overstimulation hazard, 124 f. 
Receptor sites, 93, 101 f. 
Reciprocal inhibition, 267 
Reciprocal innervation, 62 
Reflex action and thinking, 28, 31 
Reflex arc, characteristics, 62 f. 
Reflex readiness, 29 
dominant and, 206 
Reflexes, voluntary inhibition of, 29 
Reflexology, 201 f. 
Refractory phase, 14, 40 
how established, 90 
Wedensky inhibition and, 53 f., 60 
Regression, 306 f. 
Relaxation, muscular, cardiac, 29 
reciprocal, 19 f., 64 
voluntary, 59 
weak stimulation, 48 
Release, 34-37 
decerebrate rigidity and, 111 
locomotion and, 64 
reflexology and, 202 
unlearned behavior and, 86 f. 
Repression, 151, 166, 171 
Response decrement, 7, 10 
Response differentiation, 357 
Response systems, chemical differen- 
tiation, 339, 349 
interaction, 374, 379 
meaning factors and, 372 f. 
Response variability, and learning, 
polarity, 357 
139 
when choice, 136, 139 
Retardation, cultural familial, 309 f., 
305, 325 
See also Down's syndrome 
Retention, annelids, 74 f. 
planaria, 72 
Retentivity, 256, 273-275 
information storage, 274 
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Reverberating circuits, 165 
Reward systems, 369-371 
Rhythm, cortical inhibition and, 198 
neurohumors and, 358 
of fish's tail, 82 
of locomotion, 80 
of reflex arc, 63 
polar opposites and, 357 f. 
Rigidity, behavioral, 314, 318, 335 f. 


Schedules of reinforcement, 200 
Scratch reflex, 110 
Secondary process, 167, 169-171 
Selective perception, 151, 176-179 
selective disinhibition and, 125 
Self-stimulation rates, 369 
effects of drugs, hunger, sex, 370 
Sensitivity, 272 f. 
Sensory deprivation, 280-283, 300 
Sensory inhibition, 12 f., 36, 120-125 
auditory, 122 
cortical regulation, 194 
footpads, 121 
olfactory, 193 
tonic, 121 f. 
Sensory nerves, crossed, 279 
Sexual behavior, cortical injections 
and, 366 
Down's syndrome, 318 f. 
erection mechanism, 44 f. 
frog, 206 
hypersexuality, 119, 382 
mantis, 77 
monkeys, maternally deprived, 300 f. 
psychosexual development, 299 
sex offenses, 322 
sexual play, 124 
Sleep, 14, 358-364 
deactivation theory, 361 
EEG pattern, 360 
anas lato, 359 
internal inhibition, form of, 186, 
193 
regulation center, 359 f., 368 
sensory inhibition and, 194 
Social behavior, in autism, 332-334 
in Down’s syndrome, 317 
Specific energies, chemical basis, 341 
Speech, arrest of, 103, 127, 241 
Spinal excitability, 21, 29 
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Spinal reflexes, 110 
inhibition of, 30, 43, 111 
Spreading depression, 245 
S-R theory, inadequacy, 109 
Starfish, righting response, 79 
Startle reaction, 306, 333 
Stress rhythm, 237 
Subsynaptic membrane, 93, 95 f. 
Summation, 63 
Suppressor strips, 114, 116 f. 
Symbol manipulation, absent in Down's 
syndrome, 317 
aphasia vs. deafness, 326 
autism and, 335 f. 
factor in mental growth, 303-305 
Synapse, discovery, 91 
ego theory, 168 f. 
site of inhibition, 62 f. 
structure, 93 
varieties of, 340 
Synaptic transmission, 91 f., 94 


Task orientation, 173 
Theories of inhibition, 8 f., 40-42 
concentration, 58 
dendritic, 204 f. 
drainage, 8, 17, 25, 157, 159; domi- 
nant and, 206 
fatigue, 17, 21, 57, 60 
hyperpolarization, 94-96 
interference, 8 f., 25, 40, 57 £. 
intracellular, 8, 41, 45 
motor incompatibility, 158 f. 
neuropil, 208 f., 372 
refractory phase, 54, 60 
retardation, 59 
vaso-constriction, 25 
Thinking, 18, 31 f., 394 
and poate movement, 152-154 
suppressed speech, 46, 153 f, 
Würzburg shool, 172 £. 
Tickling, 32, 45 
Trace reflex, 188 
Trance of cessation, 13 
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Transcallosal inhibition, 53 
Transcallosal response, suppressed by 
drugs, 348 
Transmitter substance, 9 _ 
auxiliary role, 205 
drug effects, 99 
inhibitory, 98 f., 102, 104 
variety of, 97-99 
Sce also Drugs and pharmaceu- 
ticals: acetylcholine, GABA, 
norepinephrine, serotonin 


Ultraparadoxical phase, 54, 194 
Binet vite E eem levels of, 228 
Understimulation, 321, 327 
Unit activity, cortigram and, 231 
recording of, 226 
Unit stimulation, 103 
Unity, of the individual, 150 
of the organism, 81, 379 f., 395 
Unlearned response patterns, 83, 
courtship, 386 f. 
drug effects, 351 
nest building, 387 f. 


Visceral palsy, 828-331 

autism and, 334 f. 

behavior disorders, 8329-331 

biochemical lesion, 328 

definition, 322 

EEG, 329, 331 

learning difficulties, 329 0 
Volition, 5, 7, 12 f., 19-21, 146-15 

forbearance, 15 f. 

control of reflexes, 29 

See also Choice 
Voluntary movement, reflex 
28,31 
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Waking, 359-365 

two kinds, 359 f. 
Watchman phenomenon, 235 
Withdrawal, and life space, 810 
Würzburg school, 172 f. 
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